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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS

P, O. BOX 651
VICKSBURG, MISSISSIPPI 39180

IN REPLY REFER TO, WEOTV 30 August 1976

SUBJECT: Transmittal of Contract Report D-76-8

TO: All Report Recipients

1. The contract report transmitted herewith represents the results of

one research effort (work unit) initiated as part of Task 2C (Containment
Area Operations) of the Corps of Engineers' Dredged Material Research
Program (DMRP). Task 2C is included as part of the Disposal Operations
Project of the DMRP, which, among other considerations, includes research
into various ways of improving the efficiency and acceptability of facili~
ties for confining dredged material on land.

2. Confining dredged material on land is a relatively recent disposal
alternative to which practically no specific design or construction im-
provement investigations, much less applied research, have been addressed.
There has been a dramatic increase in the last several years in the amount
of land disposal necessitated by confining dredged material classified as
polluted. Confining the material on land does not eliminate all problems
associated with the spread or reintroduction of contaminants into the
environment since the effluent or runoff from the areas must be considered.
Since there is a wide variation in the effectiveness of disposal sites in
removing suspended particulates and often associated contaminants, at-
tention is being directed toward developing alternative methodologies for
improving the quality of the effluent.

3. One method considered by the DMRP for improving disposal area ef-
fluent is the removal of suspended scolids through filtration. The in-
vestigation, reported herein, was accomplished by the Department of
Civil Engineering at Northwestern University. Tts specific objective
was to develop guidelines for the design of effluent filtering systems.

4, All available data were collected and pertinent literature on filtra-
tion processes was reviewed. In addition, about 300 laboratory and field
filtration tests were conducted. Conventional, technically feasible
systems were identified; new concepts were developed (pervious dikes,

sand fill weirs, and granular media cartridges); and a general methodology
was formulated for the design of containment facilities as solid/liquid
separation systems.



WESYV 30 August 1976

5. This study is considered to be an important step in developing a
sound engineering approach to the design of effluent filtering systems.
Design procedutes are presented in this report along with example prob-
iems. All of the procedures and concepts appear technically sound and
feasible, but little or no field performance data are available at this
time. Implementation of these concepts is encouraged so that perform-
ance data can be obtained to establish the design validity under actual
operating conditions. In addition, as results from field applications
become available, the feasible systems can be refined to meet actual
operating needs.

OAJ/,A’

T
é/H;OHN L. CANNCN

Colonel, Corps of Engineers
Commander and Director
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EXECUTIVE SUMMARY

Environmental concerns and/or econocmic considerations have resulted
in a trend towards the disposal of dredged material in diked containment
areas. In some cases, waterborne suspended solids and the associated
contaminants may render the effluents from these disposal areas unacceptable
for discharge to the open waters, and it may be necessary to employ some
kind of treatment system. The work reported herein is directed toward
evaluating a myriad of filter devices, systems, and concepts and de-
veloping a methodology by which appropriate effluent filtering systems
for dredged material confinement facilities can be selected and designed.
In a broader context this problem consists of identifying, evaluating,
selecting, and integrating processes for dewatering dredged material '
slurries and/or clarifying disposal area supernatants.

The results of an extensive experimental investigation, including
both laboratory and field filtration tests on granular media, were used
to develop new concepts for the design of nonmechanized filter systems
to clarify disposal area supermatants., These systems, which consist of
pervious dikes, sandfill weirs with or without backwash, and granular
media cartridges, have a relatively wide range of application with
respect to the concentration of suspended solids in their influents.
Pervious dikes, which may be used for influents with concentrations of
suspended solids up to 0.5 g/4, constitute a low maintenance filter that
is characterized by very large filter depths and intended for a long
effective lifetime. Sandfill weirs without backwash require maintenance
to replace clogged filter media at periods significantly shorter than
pervious dike lifetimes; although the type of influent to be treated
with this system is similar to that for pervious dikes, its mode of
operation is much more flexible, For cases where the influents are
expected to have suspended solids concentrations up to 1 or 2 g/&, the
sandfill weir offers an attractive alternative, Granular media car-
tridges can be used with waters having loads of suspended solids up to
10 g/4&; however, maintenance requirements are expected to be excessive

at loads higher than a few grams per liter,



Removal efficiency and expected lifetime are two important charac-
teristics of filter media to be used in any design. To assist in the
design of granular media filter systems, nomographs were developed to
allow (a) the effective grain size or the depth of the filter medium and
(b) the time before severe clogging occurs to be estimated from a know-
ledge of the required removal efficiency and the concentration of sus-
pended solids in the influent. Gravity sedimentation of dredged material
is a natural process that dramatically affects the quality of the efflu-
ents from disposal areas. Classical sedimentation basin theories were
adapted and nomographs were prepared to estimate the amount and gradation
of suspended solids in the effluents of a disposal area (or the influents
to a filter system} when the geometry of the area, the flow rate, and the
pertinent characteristics of the dredged material slurry are known.

Based on an extensive literature review, it was found technically
feasible to use (a) vacuum [iltration for dewatering dredged material
slurries with 10 g/£ or more solids content, (b) a special microscreen
device to clarify waters with up to 1 or 2 g/4 of suspended solids,

(¢) special designs of deep bed filters (such as moving bed, upflow, or
pressure) to clarify waters with up to 1 g/4 suspended solids, and

(d) conventional mechanized deep bed filters to treat waters with sus-
pended solids concentrations up to several hundred milligrams per liter.
Nonmechanized surface filtration systems using fibrous media were found
to be generally unable to provide high removal efficiencies and sustain
long runs. Electrofiltration appears uneconomical and it is not yet
developed to the stage of field applications., Although the technical
feasibility of using the foregoing variety of filter systems has been
reasonably well documented, field evaluations are considered necessary
and cost-effectiveness studies will further clarify the potentials of

each system.
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INVESTIGATION OF EFFLUENT FILTERING SYSTEMS FOR

DREDGED MATERJAL CONTAINMENT FACILITIES

PART I: INTRODUCTION

1. With the rapid advance in urban growth and industrial develop-
ment, as well as the extensive use of various chemicals for agricultural
applications, the sediment dredged from deep water harbors and channels
has become increasingly contaminated. Recent concerns for the environment,
as well as economic considerations in some instances, have dictated that
open-water disposal be abandoned in certain cases, and a trend has
developed toward the disposal of dredged material in diked containment
areas. Approximately 70,000,000 yd3 (53,000,000 m3) of material from
maintenance dredging are currently handled in this manner (Boyd et al.,
1972), and all evidence indicates that this volume will increase con-
tinuously during the ensuing years.

2. Among the many problems and controversies associated with such
dredging and disposal operations is that of satisfying imposed water-
quality standards for the disposal area effluents that are released back
into the open water. Although these water-quality standards are highly
variable at this point in time and dependent largely on the background
and experience of local authorities, there is a definite trend toward
the adoption of stricter criteria. As these standards become more
stringent, additional burdens will be placed on effluent treatment sys-
tems to ensuve compliance., Accordingly, the work reported herein was
directed toward providing the background information and experience
required to address this problem. Specifically, this research effort
consisted of analyzing the functional capabilities and performance
characteristics of pervious dikes, sandfill weirs, and other filtering
systems for disposal area effluents; and its primary objective was to
provide guidance for the design of filtering systems to improve the
quality of effluents from dredged material containment areas by con-

trolling the amounts of suspended solids.
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3. Processes for removing finely divided suspended material from
waters have been used for centuries. The ancient Egyptians purified
water by passing it through sand beds, and the earth's mantle is known
to provide excellent filtration capabilities. However, only recently
has the science of filtration been put on a basis that is sufficiently
rational to allow the quantitative modification of traditionally empiri-
cal designs. ©Nevertheless, the optimization of filtration techniques is
still in the initial stages of development, and many aspects of the
phenomenon have yet to be investigated before efficient filtering systems
can be designed with little or no experimentation,

4, The need for this study arose in large part by the fact that
the filtration of dredged material slurries, or literally fine-grained
s0il suspensions, has not been conducted under the wide range of con-
ditions that may be encountered in various phases of a typical dredging
and disposal operation. Most of the mechanistic investigations of
filtration have been quite narrow in range and were performed on filter
systems that are suitable only for the treatment of municipal or indus-
trial waters and wastewaters, and specific data and design guidelines
pertinent to the scope of this research were found quite lacking in the
literature, To satisfy this need, an extensive experimental program
was undertaken to evaluate quantitatively the characteristics and
capabilities of different filter media under a wide variety of conditionms.
The levels of suspended solids, the flow rates, and the types and sizes
of the filter media that were examined in this study probably constitute
one of the most extensive experimental parameter studies on water fil-
tration. In addition to the experimental investigation, an extensive
literature review of solid-liquid separation technology was undertaken
so that the conceptual development of systems for dewatering dredged
material slurries and clarifying disposal area supernatants could be
founded on a broad base of developments that have been advanced in the
last decade.

5. A review of disposal area design and operation from the stand-
point of effluent quality control, an overview of filtration techniques,

a summary of dredged material characterization data that formed the
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basis for the experimental part of this study, and a discussion of pre-
vious work on the filtration of clay suspensions are presented in Part II.
Included in Part 1I1 are the rationale behind the experimental plan,
descriptions of all tests that were conducted, the parameters that were
varied, the equipment and techniques that were employed for each test,
and the data collection procedures. The results of the laboratory and
field tests, the observations that were made, and the conclusions regard-
ing the characteristics and performance capabilities of the filter media
investigated are given in Part IV, and this is followed by the presenta-
tion of design considerations, guidelines, and criteria for the optimum
use of granular and fibrous filter media in dredged material confinement
facilities.

6. An assessment of the characteristics, performance capabilities,
and design concepts of pervious dikes, sandfill weirs with and without
backwash, and granular media cartridges, is given in Part V. Based
primarily on expected influent and desired effluent quality, the comn-
ditions conducive to the most effective operation of conventional and
conceptually new filter systems are described in Part VI, and filter
systems are proposed to handle the variable conditions associated with
each of several different characteristic disposal operation scenarios.
Finally, the work that has been accomplished is summarized and evaluated
in Part VII, and suggestions are offered for further investigations.

7. Data on the chemical constituents and grain-size distributions
of bottom sediments from a large number of locations around the United
States are summarized in Appendix A, The development of a correlation
between turbidity and mass concentration for the Grundite and kaolinite
suspensions used in the experimental part of this study is presented
and explained in Appendix B, In Appendix C, the results of a limited
vacuum filtration laboratory test series are summarized, Classical
solid-liquid separation technology for coagulation and flocculation,
sedimentation, and filtration, as well as pertinent recent develop-
ments, are reviewed in Appendix D, and this review is followed by a
dicussion of the compatibility, advantages, and disadvantages of mech-
anized and non-mechanized filter systems with respect to disposal
area operations.
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PART II: BACKGROUND

8. Diked areas for the confinement of dredged material have been
in use for many years (Murphy and Zeigler, 1974). In recent years, how-
ever, the amount of dredged material being confined on land has con-
tinuously increased relative to the amount deposited in open water, and
a variety of problems related to the confined disposal of dredged ma-
terial have occurred, The quality of the effluents discharged from the
containment area into the main body of water frequently poses a major
problem. Among other factors, effluent quality is affected by the
nature of the dredged material, the size of the disposal area, the oper-
ating conditions that prevail within the area, and the method of effluent
discharge; and whether or not these effluents satisfy the imposed regu-
latory criteria is, te a large extent, dictated by the control that is
exercised on the concentration of suspended solids in the effluents.
Accordingly, the principal objectives of the research effort reported
herein were (a) to establish the functional capabilities and performance
characteristics of effluent filtering systems and (b) to provide guidance
for the design of filtering systems to improve the quality of the efflu-
ent from confined disposal areas. The following information provides
the background that was used to design the overall research program to
meet these objectives; included are (a) a review of disposal area design
and cperation from the standpoint of effluent quality control, (b) an
overview of filtration techniques, and (¢} a summary of the characteri-
zation data that formed the basis for the experimental part of this

study.

Disposal Area Effluent Control

9. Although land disposal of dredged material continues to in-
crease in usage over open-water disposal, there is a general lack of
complete records on diked dispesal area opevations (Murphy and Zeigler,
1974). There are two primary reasons for this situation: first, the

dredging contractor is responsible in many cases for the construction,
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operation, and maintenance of the containment facilities and specific
details and procedures pertaining to each contract are generally not
recorded; and second, little attention has been given to the disposal
of dredged material. The efficiency of a dredged material contaimment
facility is affected by the size of the area, the method of disposal,
the kind and quality of dike and sluice facilities, and the operation
of the site during disposal.

10. All confined dredged material disposal areas, with the ex-
ception of those where dewatering of the dredged slurry takes place by
evaporation, are equipped with some kind of sluicing device. Sluices
vary from a simple outfall pipe to large wood, steel, or reinforced con-
crete structures with one or more discharge pipes and weirs with adjust-
able crest elevations. These structures serve the dual function of
allowing the water to drain rapidly from the disposal area and helping
to control the effluent quality. However, despite the important role of
effluent discharge systems, sluice design has not received appropriate
attention; weir design and construction is not standardized; and little
is known about the effect of weir characteristics on effluent quality
(Murphy and Zeigler, 1974), 1In a limited number of disposal areas in
the Great Lakes Region, the sluicing device has been replaced by a fil-
ter system. Two disposal areas in the Buffalo Harbor were designed with
slag-filled dikes; two disposal areas in the Cleveland Harbor incorpor-
ated a pexvious dike and a stone filter om the interior face; and a
plastic filter cloth was tested in the Charleston District (Murphy and
Ziegler, 1974)., 1In addition, a vertical sand filter design is proposed
for a new disposal area to be constructed in the Milwaukee Harbor (U.S.
Army Corps of Engineers, Chicago District, .1972). However, information
to date on the performance of such filtering systems is extremely
Limited.

11. Murphy and Ziegler (1974) reported that measurements for one
of the Buffalo Harbor pilot sites indicated that there was no signifi-
cant difference in the quality of the water inside the disposal area
and that in the harbor immediately outside. Efforts in this present

study were unable to determine even the existence of these performance
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data. The results reported for one pilot site in the Cleveland Harbor
(U.5. Army Corps of Engineers, Buffalo District, 1969) indicated that,
for the conditions associated with the existing disposal operation, the
pervious dike did not have a significant filtering effect, except to
retain floating debris and oil. Satisfactory drainage of water was
achieved at both sites, and no difficulty was apparently encountered
Irom clogging of the pores in the pervious dikes or filter blankets; this
observation may indicate that the dikes were too pervious. Tentative
results from the Charleston District study (Murphy and Zeigler, 1974)
suggest that filter cloths may be used to effectively retain solids,

Effluent quality standards

12, One of the important functions of a dredged material contain-
ment facility is to provide effluents that comply with existing and pro-
jected quality standards. Listed in Table 1 are several typical effluent
quality standards as of 1973 (Murphy and Zeigler, 1974) and as of early
18975; this limited survey indicated that for the last few years (a) a
single nationwide standard did not exist and (b} different parameters
were used in different Districts to assess effluent quality. Some
Districts were permitted to discharge large amounts of solids in the
effluents of disposal areas (enough to increase suspended solids by 4 to
13 g/4 above ambient); others specified very low amounts of suspended
solids (turbidity readings equal to those of the receiving water in-
creased by 50 JIU or solids concentration equal to that of the receiving
water increased by 50 percent); and still others had no set standards,
The values listed in Table 1 suggest the tendency towards stricter efflu-
ent quality criteria over the past few years. TFurther analysis of these
quality control criteria reveals that, for the usual operations where
dredges pump slurries with between 10 and 20 percent solids by weight,
(a) the ability to meet an 8 g/{ above-ambient effluent standard re-
quires only about an 80 to 90 percent solids retention efficiency for
the containment area, (b) for ambient waters with low levels of sus-
pended solids, the abilitylfo meet a 50 JTU above-ambient effluent
standard requires a very high retention efficiency (perhaps more than

99 percent), (c¢) for a water sample with measurable turbidity, a very
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small amount of suspended solids (not more than 0.1 g/% can easily in-
crease the turbidity by 50 JTU, and (d) the 50 percent above-ambient con-
centration is a very ambiguous standard that can lead to requirements of
very low or excessively high retention efficiency for a given containment
area,

13. WNew interim guidelines were recently imposed (EPA, 1975 ) to
govern the discharge of dredged or fill material into navigable waters.
These new guidelines require a case-by-case evaluation of discharges from
confined disposal areas to ascertain that "appropriate and legally appli-
cable'" water quality standards are satisfied at the boundaries of an
appropriately defined mixing zone. An interagency manual prepared by
the U.S5. Army Corps of Engineers and the Environmental Protection Agency
will define tests, procedures, calculations, etc., necessary to evaluate
such discharges, but this document is not yet available., As water qual-
ity improves to achieve the full objectives of the new guidelines, it is
anticipated that discharge limitations will become more stringent, but
exactly how regulations concerning suspended solids in these discharges
will be affected is unknown at this time.

Identification of
effluent control problem

14, With an adequate understanding of the existing effluent qual-
ity standards and the variability in the size of disposal areas, the
problem of controlling suspended solids in disposal area effluents can
be identified as follows:

a., Districts that can provide large disposal areas and must
comply with lenient effluent quality standards should have
no need to incorporate any filter control systems in the
design of their containment facilities; adequately long
detention periods and proper crest elevations of the over-
flow weirs can satisfactorily control effluent quality.

[[=3

Operations where strict effluent quality standards must
be satisfied will probably require the use of control
units, such as filtering systems composed of granular
media, fibrous media, or combinations of both; the con-
centration of suspended solids in the influent to such
systems will determine the type of system, including
operation, control, maintenance, energy requirements,
and costs,
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¢. Future operations may involve the use of small disposal
areas as transfer or process stations, as opposed to per-
manent containment areas for dredged material. Filtering
systems for such areas may constitute an important com-
ponent of the facility, and the systems must satisfy the
twofold function of producing an effluent of acceptable
quality while rapidly dewatering the dredged material so
that it can be handled by bulk solids handling equipment.
Vacuum filters or centrifugation equipment appear to be
appropriate, although costly, alternatives for this
purpose.

Overview of Filtration Technology

15. There is an abundance of literature on the filtration of sus-
pensions and slurries containing inorganics (clays, metal oxides, and
hydroxides) and organics in fuel and mineral processing, as well as in
water and wastewater treatment, The most pertinent studies within the
scope of this research are those dealing specifically with clay-water
separation by porous solid contact. Mueh of the available information
is found in the literature on sanitary, chemical, and mineral engineer-
ing and clay colloid chemistry. Sanitary engineers have provided in-
sight into the design of deep bed filters for clarification, while min-
eral processing and chemical engineers have directed efforts to advance
the theory and practice of filtering concentrated suspensions to recover
the solids. Although not of direct concern in this work, engineers have
sought the assistance of clay colloid chemists to develop improved sep-
aration or solids recovery techniques by manipulating chemical factors
in the process stream. Recent attention has been given to the rather
difficult problem of selecting the appropriate separation technique for
a given application (Tiller, 1972; Fitch, 1974; Emmett and Silverblatt,
1974; and Tiller, 1974). Convenient flow charts to guide the design of
bench tests for selecting the right equipment and pretreatment (Tiller,
1974) or tables to classify filter types based on suspension type and
filtration characteristics (Alt, 1975) are available.

16. Table 2 depicts the major alternatives for solid-liquid fil-

tration technology relevant to this study, and the rest of this section
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Table 2

Filtration Alternatives

and Maintenance Ratings

Mechanized Systems

Nonmechanized Systems

Surface Depth Surface Depth
Vacuum (2) Gravity Filter Screen Cloth (2) | Pervious Dike (1)
(permanent)
Pressure (2) Constant Rate (2} | Wood Chips (2) | Sandfill Weir (3)
Microscreen {3) Constant Head (2) | Straw (2) | Straw {33
Batch Screen (3) Pressure Filter (2) { Gravel (2) |Wood Chips (3)

Diatomite (3) | Moving Bed Filter(3)

Squeegee (belt Biflow Filter {2)
press fileer) (2)
Upflow Filter (2)

Slow Sand Filter (3)

Gravel or Stone
Filter (1)

Cartridge (2)

Note: Parenthetical numbers represent the following first-order approximations of

maintenance requirements,

(1) Little or none
{(2Z) Some
(3) Significant
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is devoted to a discussion of this table. Categories are divided into
mechanized versus nommechanized systems and surface versus depth filtra-
tion. Mechanization may be achieved by wind, electrical, or hydro energy.
Solar or chemical energy appears to be generally impractical for appli-
cation to confined disposal area operation in the immediate future. The
levels of maintenance and mechanization vary widely for the various cate-
gories listed in Table 2, and, for the range of slurry concentrations
likely to be encountered in disposal area effluents, only limited infor-
mation is available on the level of maintenance required; hence, the
indicated estimates of these requirements represent relatively unsub-
stantiated first-order approximations.

Mechanized filter systems

17. Surface mechanized filters that may be candidates for dredged
material dewatering or separation are vacuum filters, pressure filters,
microscreens, and horizontal or vertical belt filter presses., Vacuum
filters may be of three types: (a) rotary drums with an area of 50 to
500 sq ft; (b) continucus belts up to 3000 sq ft in filter area; and
(c) rotary disks with diameters up to 15 ft., Design data for vacuum
dewatering of materials similar to some dredged material are available
from various sources; for example, Dickey (1961) provides information
on yield and filtrate quality for clay and quartz slurries using various
vacuum filter technologies. However, based on these process rates, on
the order of 50 vacuum filter units would be required to handle the out-
put of a small or medium-size (few acres) disposal area. Of course, a
much larger containment area obviates the need for this type of filter,
as discussed later.

18. Pressure filters, such as plate and frame filters, are widely
used in dewatering organic and inorganic sludges, but they are high
maintenance filters and would be rather impractical for dredged material
processing, either on ship or shore. Microscreens have been employed
in water treatment for many years, and attempts to clarify wastewaters
or waters of highly variable solids content with microstrainers have
recently yielded limited success (Lynam, Ettelt, and McAloon, 1969).

This is not too surprising, since this technology was originally
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designed to remove relatively large and structured solids, such as algae.
However, microscreen units are designed with such porous septa (mesh

size > 20Q) that separation of the fine-grained c¢lays in dredged material
may be impossible. OQOperations employing non-mechanized filter cloths
might overcome some of these problems by relatively rapid changes in the
cloth media, and mechanized units in series could achieve similar results
at a much higher capital cost.

19. Diatomite filters have been used in municipal technology since
World War II to produce potable water, and they have also seen wide ap-
plication in swimming pool clarification. The major disadvantage in the
effective application of this technology to disposal area filtration
systems is the continuous need to supply diatomaceous earth in propor-
tion to the solids loading of the {filtrate. With anticipated solids
concentrations up to 10 g/&, the cost of the body feed would be exor-
bitant.

20, The squeegee or belt filter press is a relatively new tech-
nology, with units manufactured in Europe (Alt, 1975) and the United
States (Westinghouse, 1971). The Swiss-marketed Tower Belt Filter per-
mits the adequate sctiling of coarse media-blinding particles prior to
the compression cycles; whereas the Westinghouse Infilco squeegee depends
on capillary dewatering of the suspension pricr to squeezing water from
the slurry as it passes along a continuous belt. Both units involve a
substantially smaller capital investment than a vacuum filter system
and probably pose fewer maintenance problems, Process rates are gen-
erally highev than vacuum filters, although it is difficult to achieve
high cake solids contents with Squeegee or Tower Belt Filters. These
units will be discussed more fully in Appendix D,

21. Mechanized depth filters, which are driven either by gravity
or pressure, consist of fixed-bed or movable-bed media and operate in
upflow, downflow, or horizontal flow modes. Each configuration has
given rise to many innovations, and a large number of mechanized depth
filtration systems are currently available.

22, Gravity filters of the constant rate type have been employed

mainly for removing residual solids in the production of potable water.,
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Rate controllers have usually been used in the systems because surges

or rapid changes in flow rate tend to upset the filtrate quality. However
the assumed need for such rate control may be merely a matter of tradi-
tion dating back to the specification of 2 gpm/ft2 for the first full-
scale rapid sand filter in the United States. Cleasby (1972) points

out how variable head and declining rate filters can in many cases pro-
duce satisfactory filtrates at lower unit costs.

23. Because of less sophisticated instrumentation, controls, pip-
ing, and other appurtenances, constant head filters have found wide use
in tertiary wastewater treatment. They are well equipped to handle the
more highly wvariable solids loading in wastewater flows; however, beyond
a solids concentration of a few hundred milligrams per liter, the units
clog quickly and require large volumes of backwash water. Pressure
depth filters give longer runs and greater solids penetration than
gravity filters, but this trade-off is offset by increased pumping costs.

24, Moving-bed filters have the advantage of presenting to the
suspension a filter system that always has approximately the same flow
resistance, since it is constantly being cleansed. The Simater (]
(Water and Water Engineering, 1968) is a biflow filter design that has
not been widely adopted in the United States, but a modification of this
moving-bed filter might be attractive for filtering dredged material
either with or without media recovery; unfortunately, however, the sole
U.S. manufacturer has discontinued production of the unit,

25. Upflow filters show some real promise for filtering dredged
materials. Since the flow passes from coarse to fine gradations in
such filters, their solids holding capacity is markedly improved, even
for suspensions with a high solids concentration. Steimle and Haney
(1974) suggested that the reliability of such filters is even higher
than conventiona)l downflow designs.

Nonmechanized filter systems

26. Nommechanized filter systems offer greater compatibility
with current dredging disposal operations than do mechanized systems,
if rnly because of their lower capital, maintenance, and operating costs.

The effluent quality from such systems may or may not be lower than for
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mechanized units.

27. Synthetic or natural media that are used as surface filters
may provide solid-fluid separation, but generally not at a sufficiently
high rate or without some maintenance, Candidate materials are syn-
thetic cloths or thin layers of wood chips, straw, or gravel. The latter
three materials have been used in erosion control, but would probably not
be useful in the current context because such measures could only process
a small volume of dredged material suspensions. Synthetic septa, such as
commercial nonwoven cloths (Monsanto E2B and Celanese Mirafi), have been
used in seepage and erosion control and as reinforcing to improve the
bearing capacity of soil, Such cleoths may actually behave as small depth
filters in comparison to woven media, which respond well only to ade-
quately flocculated suspensions under high hydraulic (pressure) grad-
ients. A number of these woven and non-woven media were employed in the
testing program outlined in Part IIT1. In one instance (Charleston,
South Carolina), a plastic filter cloth was incorporated into a full-
scale dike. The basic difficulty in employing wood chips, straw, or
gravel as surface filters is that the suspension particles have very
little opportunity to make contact with the filter media, thereby re-
sulting in a low overall efficiency or clarification.

28, Nommechanized depth filters provide a series of strong candi-
dates for an economic solution to the solid-liquid separation of dredged
material; therefore, the major thrust of this research effort was di-
rected toward the evaluation of pervious dikes, sandfill weirs, and
gravel and sand filters. In addition, concepts such as slow sand fil-
ters and low maintenance filters of wood chips or straw were deemed
worthy of consideration. Little, if any, information is available on
rational design procedures for pervious dikes, The dikes constructed
in the Buffalo and Cleveland Harbors were designed for structural in-
tegrity with virtually no attention being given to dredged material
retention efficiency, If such dikes were properly designed, they should
ideally become impervious about the time that the contaimment area is
filled. So far, however, pervious dikes have only been designed as part

of a harbor facility, and it has been difficult to determine their
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retention capability.

29, The ability of pervious soils to retain the soluble and sus-
pended components of wastewater has been reviewed in recent studies of
the soil mantle as a wastewater treatment system. Except for bacteria
and viruses, the migration of suspended material is of little concern
in such systems, because fine-grained soils provide an effective filter
medium. Pervious dikes would require significantly higher permeabili-
ties than these soil filters because of the typically higher solids con-
tents of the slurries tec be treated. Sandfill weirs have been designed
for diked disposal areas in the Milwaukee and Waukegan (Illinois) har-
bors, but the specifications for media size are not sufficiently de-
tailed and the basis for estimating the design life of a given sand
layer are not available from the design reports.

30. The use of straw or wood chips as a depth filter offers a
fairly novel and meritous idea; straw is readily available and can be
provided in compact form (bales) as a natural filter cell, No litera-
ture was identified to lend insight to this concept, but a few studies
have indicated that straw or sawdust are good absorbents for oily water
separation. One Envirommental Protection Agency-supported study (EPA,
1970) examined the use of wood chips to filter spent Kraft liquor.
Operating problems associated with straw, hay, or wood chips as filter
media are the likelihood of producing highly colored effluents due to
the leaching of humic substances from the media as it ages. This would
seemingly add to maintenance and operation costs of these alternatives.

31. Slow sand filters have been employed to treat potable waters
since antiquity. A simple design consists of essentially a trough filled
with fine sand and fitted with a collecting underdrain. The operation
may be intermittent, as in the case of wastewater treatment, whereby a
resting period is provided for biological action to renew the clogged
filter pores. Continuous flow systems are still employed routinely in
many parts of the world to supply potable water. In reality, it might
be better to state that the slow sand filter is actually a surface fil-
ter, because it removes the applied suspended load by biological action

in a slime layer called a Smutzdecke at the filter surface. In order to
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provide enough contact time for biological action, flow rates are quite
low {(about 0.1 cm/sec), thereby necessitating large land areas for treat-
ment. Slow sand filters have been employed to treat surface waters that
contained no more than a few hundred milligrams of suspended solids per
liter. Furthermore, if the applied suspension is too high in nombio-
degradable solids (as is the case in a dredged material slurry or a sus-
pension with a high clay content), the filter would require high main-
tenance {e.g. raking to disturb the surface or scalping off the clogged
layer).

32, Coarse media filters of gravel or stone have been designed to
prevent the migration of soil fines while simultaneously allowing the
free drainage of seeping water. In soll and hydraulics engineering
these structures are known ag protective filters, and empirically de-
veloped grain-size criteria (Terzaghi, 1922; Bertram, 1940; U.S. Army
Corps of Engineers, Waterways Experiment Station, 1941, 1948 and 1953;
U.S, Army Corps of Engineers Providence District, 1942; Terzaghi and
Peck, 1967; and others) are employed to select the gradation of the
filter materials. The thickness of such a filter is currently determined
either by seepage analyses (Mallet and Pacquant, 1954; Creager, Justin,
and Hinds, 1955; Cedergren, 1962) or by probability techniques (Kjellman,
1964; Silveira, 1965; Atmatzidis, 1973). Such filters could be employed
as roughing filters to remove the coarse fraction of a dredging slurry

and to protect the finer filters used to obtain higher effluent quality.

Characterization Study

33. The general lack of directly pertinent information on the
dredged material characteristics that affect the design of a filtering
system for disposal area effluents and the apparent absence of any data
to evaluate the performance criteria of filtering systems under such
conditions necessitated the conduct of an extensive experimental program
during which a number of bottom sediments and disposal area effluents
were characterized and various filter media were tested in the labora-

tory and at two locations in the field. The laboratory experimental
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program was aimed at defining the effect of certain parameters on the
filtration of disposal area supernatants; however, since the suspensions
to be filtered were artificially prepared, a characterization study was
first undertaken to (a) provide an understanding of the properties of
dredged material that have a direct bearing on the required research

for this project, (b) estimate the range of conditions under which ef-
fluent filtering systems would usually operate, and (c) define the range
of conditions under which various filter media should be tested. This
characterization study was based on data that were collected by (a)
visits to Corps of Engineer offices around the country, (b) in situ and
laboratory testing of samples taken during these visits, and (c) review
of available pertinent literature,

34, Thirty-two samples from locations in and around dredged ma-
terial confinement areas were collected during visits to Corps of Engi-
neer Distriect and Field Offices. All samples are listed and described
briefly in Table 3, and the solids content of each sample is presented
in Table 4., Grain-size distributions of dredged material, sediments
near effluent weirs, and suspended solids in disposal area effluents are
given in Figures 1, 2, and 3, respectively,

35. A uniform and consistent notation system was adopted to quickly
and easily identify the nature of each sample, its geographic location,
and the approximate time of sampling. A typical sample designation con-
sists of three identifiers. The first identifier is a pair of letters
that designate the city and state from which the sample was taken; the
second is a chronological number that designates the time and sample
group; and the third is a letter that defines the sample type according
to the following scheme:

§ - Supernatant in disposal area

M - Mixing zone water behind weir or filter system
- Ambient water
-~ Top 2 cm of sediment in disposal area

- Pipeline slurry being pumped into disposal area

-

- Bottom sediments that are from candidate areas for dredging

36, Dredged material characteristics can be identified in terms
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Table 3

List of Samples

Leocation

Description

Philadelphia, Pa.
Philadelphia, Pa.
Philadelphia, Pa,
Seattle, Wash.
Seattle, Wash.
Seattle, Wash.
Sacramento, Cal.
Toledo, Ohio
Toledo, Chio
Toledo, Ohio
Norfolk, Va.
Norfolk, Va.
Narfolk, Va.
Norfolk, Va.
N.C.
N.C.
N.C,
5.C.
5.C.
5.C.

Wilmington,
Wilmington,
Wilmington,
Charleston,
Charleston,
Charleston,
Charleston, §.C.
Savannah, Ga.

Savanpah, Ga.

Savannah, Ga.

Savannah, Ga.

Jacksonville, Fla.
Jacksonviltle, Fla,

Jacksonville, Fla.

Galveston, Texas
Toledo, Ohio
Toledo, Qhic

Supernatant discharged from disposal area
Ambient water

Dredged material pumped into disposal area
Supernatant discharged from disposal area
Ambient water

Dredged material pumped into disposal area
Top sediments near overflow weir

Ambient water

Bottom sediments; candidates for dredging
Top sediments near overflow weir
Supernatant discharged from disposal area
Water from mixing zone behind weir

Ambient water

Top sediments near overflow weir
Supernatant discharged from disposal area
Ambient water

Dredged materiai pumped into disposal area
Supernatant discharged from disposal area
Water from mixing zone behind weir

Anbient water

Dredged material pumped into disposal area
Supernatant discharged from disposal area
Water from mixing zone behind weir

Dredged material pumped into disposal area
Top sediments near overflow weir
Supernatant discharged from disposal area
Dredged material pumped into disposal area
Top sediments 300 feet from overflow weir
Bottom sediments; candidates for dredging
Dredged material pumped into disposal area

Supernatant discharged from disposal area
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Table 4

Solids Content Determinations

senple | Totel | lasolued [uspentea | volacile | VUS| Sofaciie
Solids Solids

(% (%) (%) (%) (%) )
PP15 0.09 0.06 .03 0.02 0.02 ND
PPLA 0.19 0.19 ND 0.03 0.03 ND
PPLP 11.93 0.26 11.67 0.11 0.05 0.06
5W28 3.09 3.02 ¢.07 0.53 0.53 ND
SW2A 2.28 2.28 ND 0.39 0.39 RD
su2p 14.97 2.23 12.74 1,30 0.43 0.87
SC3Ta 38.14 — - 3.02 - -
SC3Th 87.93 - - 2.75 - -
TO4A 0,04 0.04 ND 0.01 0.01 ND
TO4B 28.87 0.07 28.80 3.13 3.06 3,07
TO4T 61,44 - - 7.43 - -
NV58 1.56 1.54 0.02 0.26 0.26 ND
NV5M 1.57 1.52 0.05 0.27 0.24 0,03
NVSA 1.77 1.69 0,08 0.34 0.29 *0.05
NV5T 36.12 - - 3.86 - -
WNES 1,20 1.06 0,14 0.20 0.15 0.05
WHGA 0.82 0.74 0,08 0.14 0.14 ND
WHEP 11.05 1.72 9,33 1.99 0.28 1.71
CS7S 6.71 0,64 0.07 .11 0.11 ND
C57M 0.50 0.46 0.04 0.08 0.08 ND
C37A 0.34 0.14 0.20 0.06 0.05 0.01
CS7P 10,7% 2,36 8.43 1.33 0.44 0.89
SG8S 3.06 2,91 0.15 0.38 0,33 0,065
SGBM 2,89 2,76 0.13 0.38 0.33 0.05
SGBP 6,27 2.66 3.61 1.09 0.48 0.61
SG8T 53.57 - - 7.43 - -
JF9s 2,18 2.02 ¢.16 0,34 0.27 0.07
JF9P 12,22 1.63 10.59% 1.97 0.25 1.72
JF9T 62.02 - - 6.92 - -
GT10B 26.42 2,17 24,25 2.15 0.34 1.81
TO11p 12.69 0.04 12.65 1.15 0.03 1.12
TOl1S 0.08 0.04 ND 0.04 0,04 ND
Notes: 1. All data are determined on a wet weight basis,

2, ND designates "not detectable",
3. Dashes indicate that results could not be cbtained

because of the nature of the sample.

32




y weight

=)

e

&

Percent Fi

by weigni)

!

Fercent Finar (

Sieve [ Hydrometer
Grovel T Sond St Clay
100 7 - l I
% .
90 | 14 b - A
80 “ | Phpe
R . ) -
1 ]
70 *': \ —1— ! l\‘
60 jH \- + -—ml
I\‘ g l
by !
B0 Ht L R.{_ - “.___
s PPLP e ]
nae
40 ¥ Swz2P L i ) . . :
| A TO4B i \
30 | H- 4] 1 -
= WNGP [ ‘ :
i
2oty © CSTP  Jipkis SRR L N i
| o=l
v JF9p ! ;
10 114 i ‘
' a gTiOB || \ \ i
oldlir e v | ‘ |
10 % 1 05 (e 0] Q.0% 0.0l [eXalel] 0401 00005 [eTule 1)
Grain Size {mm)
Tigure 1. Grain-Size Distributions of Dredged Material
Sieve | Hydrometer
Gravel Sand | Silt Cla
100 by \ T 17 ™
%0 , = % il
\ PN\
B0 H b \ [ e x;i
t :
TO Sekw N
T T g *
60 - \“EJ* \x
| ™\ |
50 1 N - e 1
]
s 5C3T : \ J
40 |- =1 - i
v TO4T \ ,
30 Hi+ & NVST —iHH- - 2% & \
= 5G8T \ ]
20 . —
o JFOT \%__b
10 HH — -
i
Ola_ 5 | o5 Q.1 00% ot Goo% 00! 0000% Qoo

Figure 2,

Grain Size (mm)

Grain-S8ize Distributions of Sediments near

Effluent Weirs

33



Percent Coarser

80 80
\ PP1S Sw2s
60

80
\- NVSS \ WNES
&0 \\ 60 \
20 \\\ 40 \\\
20 A 20

1 2 4 & 8 10 20 l} 2 4 e & 10 20

80
\ CS57s \ 56858
8D

40
N
20 20
“whq
g

0 iy o] [

] 2 4 6 8 19 20 I 2 4 6 8 I 20
100 \ s
80 80

\ JF95 \ TOits
1]

\ ) \
20 \\\N 20 N
o i e 2 S U \
1 2 4 6 8 10 20 1 2 4 6 8 10 20

Grain Diameter {microns)

Figure 3. Grain-Size Distributions of Suspended Solids
in Disposal Area Effluents

34



of physical engineering, and chemical properties (Boyd et al., 1972).

Some data on the characteristics of dredged material were provided in a
study of the Great Lakes (U, S. Army Corps of Engineers, Buffalo District,
1969) and in a study of the Delaware River (U. S. Army Corps of Engineers,
Philadelphia District, 1969), but such data for other areas are either
not available or not easily accessible., The data collected and reported
herein serve to identify the chemical constituents of bottom sediments
and the grain-size distributions of bottom sediments and disposal area
effluents and supernatants; also included is some information on the
sedimentation of solids in disposal areas.

Chemical constituents
of bottom sediments

37. Bottom sediments contain constituents that exist in different
chemical forms and are found in various concentrations at different
locations within the layer to be dredged; in addition, regional vari-
ations are often extremely broad (U. S, Army Corps of Engineers, New
Orleans District, 1973; Keeley and Engler, 1974). The chemical proper-
ties of bottom sediments that are in areas that are candidates for
dredging are of twofold importance because (a) they have a direct bear-
ing on the physical and engineering properties of the dredged material,
and (b) they may influence the acceptability of depositing the dredged
material in open water, In an effort to minimize the effects of de-
positing polluted dredged material in the open waters, the Environmental
Protection Agency had issued regulatory criteria (EPA, 1973; Keeley and
Engler, 1974). These criteria were recently (EPA, 1975a) superseded by
more comprehensive guidelines,

38. Data on sediment chemjstry have been collected for about
fifty locations in the United States, and values for the seven param-
eters included in the old EPA criteria are given in Appendix A, For
every location the range and average value of each comstituent are
given., The number of samples for each location ranged from one to more
than one hundred, but generally was on the order of five to twenty.

For each location mean values were calculated for each parameter, and

frequency and cumulative distributions are presented in Figure Al.
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Grain-size distribution
of bottom sediments

39, The grain-size distribution of dredged material is one of the
important physical properties that, among other factors, determine the
amount of turbidity associlated with disposal operations and the rate of
solids sedimentation. Coarse-grained dredged material usually does not
cause problems in dredging operations and generally yields disposal area
effluents of acceptable quality.

40. The data reported herein are for fine-grained bottom sedi-
ments and were obtained for sixty locations around the country. The
number of samples from each location ranged from two to more than one
hundred, but generally was on the order of five to fifteen. The data
required to reproduce the average grain-size distribution curve for each
location are reported in Appendix A, together with the statistical dis-
tribution of certain size fractions of the bottom sediments (Figure A 2).

41, Submicron particles constitute a large portion (up to one-
half by weight) of the bottom sediments that are candidates for dredging.
For two-thirds of the locations, the amount of submicron particles ranges
between 10 and 40 percent by weight. Particles of this size, unless they
aggregate to form larger equivalent particles, will not settle out of
suspension, even with long detention times provided by a large disposal
area,

42. At this point it is of great significance to note that all
data on the grain size distributions reported in Appendix A were ob-
tained by using the standard ASTM procedures for hydrometer tests,
which involves the use of a dispersing agent (sodium hexametaphosphate),
Since the addition of a dispersing agent to the dredged material dis-
aggregates flocculated clay particles, the resulting grain-size distri-
butions are not representative of the true particle sizes of the ma-
terials that are pumped into a disposal area and they do not reflect
the actual hydrodynamic behavior of the sediments. This has been sub-
stantiated by a number of tests conducted both with and without dis-
persing agent on samples of dredged material that were candidates for

dredging or samples taken from the inflow pipes to various disposal
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areas throughout the country, and some typical results are shown in Fig-
ure 4. For the materials tested, particles smaller than 10u are found
to constitute 15 to 35 percent of the sample when no dispersing agent
was used and 30 to 90 percent when a dispersing agent was used; sub-
micron particles constitute 3 to 15 percent of the samples tested in its
natural state and 7 to 40 percent of a dispersed sample,

Disposal area effluents
and supernatants

43, The available literature provides extremely limited infor-
mation on the suspended solids content of effluents from disposal areas
or of supernatant waters in the disposal area at various distances from
the inflow pipe. 1In order to estimate the range of conditions under
which effluent filtering systems will usually operate, the variations
in the two parameters that affect the nature of the effluent (namely,
the concentration and grain~size distribution of the suspended solids)
must be determined. Table 5 presents the solids content of disposal
area effluents collected from facilities around the United States,
Total suspended solids vary from about 200 to 1600 mg/f, and total
suspended nonvolatile solids range from about 200 to 1000 mg/#; however,
the Sacramento District reported suspended solids ranging from 80 to
137 mg/4 for one of their disposal areas (U, S. Army Corps of Engineers,
Sacramento District, 1974)., For a number of other cases of dredging in
a freshwater environment (. S. Army Corps of Engineers, South Pacific
Division, 1972 and 1973), the amount of total solids in the disposal
area effluents ranged from about 500 to 1000 mg/f. The grain-size dis-
tributions of the suspended solids in the effluents listed in Table 5
are shown in Figure 3. When interpreting these data, it must be recog-
nized that (a) the indicated lower limit of particle sizes (about 1lp)
is not necessarily the actual lower limit, but it is the practical
detection limit of the Coulter counter employed and (b) a substantial
portion of particles in the 5 to 20p range can be attributed to the
existence of suspended volatile solids.

Sedimentation in disposal areas

44, A large wumber of factors affect the sedimentation of solids
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Table 5

Sclids Content of Disposal Area Effluents

(mg/L) (mg/i} (mg/4)
PP1S 853 221 221
SW2s 30,850 661 639
NV5S 15,643 240 240
WN6S 12,026 1446 968
C378 7,083 716 701
SG8S 30,647 1512 984
JF9s 21,818 1592 866
TO11S 795 ~0 ~0
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in disposal areas; the most important of these are (a) the size and shape
of the disposal area, (b) the relative location of the inflow pipe and
the sluicing device, (c) the detention time, (d) channelization,

(e) wind, and (f) vegetation. Large-size disposal areas permit the
storage of large quantities of slurry, and they usually provide suf-
ficient detention time to allow most of the solids to settle from the
supernatant waters before they are retured to the receiving waters.
Small-size disposal areas, on the other hand, do not have this advantage,
and simple sedimentation may not provide effluents of acceptable quality,

45, 1In addition, channelization (which may be caused by the mound-
ing of coarse material near the inflow pipe, adverse topography inside
the disposal area, or the placement of the inflow pipe too close to the
sluicing device) effectively decreases the retention time because only
part of the disposal area is used as a sedimentation basin and thereby
the sedimentation rate is reduced due to higher horizontal flow veloci-
ties. Strong winds may agitate the otherwise quiescent settling zones
and cause slower nelt settling velocities and/or resuspension of material
that has alyeady settled, Vegetation may aid in the cleansing process
by decreasing high flow velocities and providing quiescent pools where
effective sedimentation can occur; vegetation may also act as a coarser
filter.

46, The materials that settle out of suspension rapidly mnear the
inflow pipe range from sand to cobbles. 1In addition, portions of the
clay fraction of the dredged material are quickly removed either in the
form of clay balls or by virtue of the prior attachment of clay particles
to larger particles. However, such phenomena can not be relied upon to
effectively remove fine suspended particles by gravity sedimentation and,
under certain adverse conditions, the water reaching a sluice may carry

a high load of suspended solids.

Previous Research on the Filtration of Clay Suspensions

47. The filtration of clay suspensions can be generally con-

sidered as either clarification of dilute suspensions or dewatering of
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slurries. The latter category has been mentioned earlier in this chapter
in conjunction with the mineral-processing industry; in general, there is
available in this case some experience and information on the alternative
techniques for dewatering slurries, and the performance of specified
systems can be predicted with reasonable confidence. On the other hand,
the clarification of dilute suspensions varies considerably under
seemingly similar conditious, and resulting designs are largely empirical
and based freguently on a trial-and-error approach. Since clarification
of dilute clay suspensions is an important objective of this research
effort, a review of available information on this subject was deemed
appropriate.

48. 1In a recent review of experimental investigations concerned
with deep bed filtration, Wright, Kavanaugh, and Pearson (1970) divided
published data into three basic categories based on the nature of the
particulate suspensions encountered or employed (inorganic, organic, or
synthetic). Although information on the filtration of clay suspensions
is of major importance to the present study, such information is rather
limited and the reported investigations have not covered the parameter
ranges of interest in this work. Table & lists the ranges of parameters
that were covered in various experimental studies of clay filtration;
the data presented in this table were extracted from individual publi-
cations and/or summaries presented by Herzig, LeClerc, and LeGoff (1970);
Wright, Kavanaugh, and Pearson (1970); and FitzPatrick (1972), Dash
entries in the table indicate that information could not be ascertained
from the data available. An examination of Table 6 leads to the fol-
lowing observations regarding previous research on the filtration of
clay suspensions:

a. The equivalent diameter of the suspended clay varied from
about 0.5 to 40u.

b. Concentrations of suspended solids were generally not more
than 200 mg/{ and often as low as 5 mg/L.

c¢. Initial discharge velocities varied over a wide range
{(0.007 to 3 cm/sec), the lower velocities being associ-
ated with a slow sand filter and the higher wvelocities
with a rapid sand filter,
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Table 6

Summary of Previous Work on Filtration of Clay Suspensions

Filter Medium

Suspended Solida

Inttial Placharge

Chemical

Investigator
Type §ize Focesity Type Size Concenteation Velocity Additive
{mn) {microne) (np/L) (cmfaec)
Agraval Sand . - . . -
(1966) Anthracite 0,2-0,8 |0,41-0.68] Bentondte 1-30 5-100 ©.13-0,34 Flocculaat
Cleagby
(1963) Sand 0,71 0,40 Kaolinite 1-25 7-20 0,41 Flocculant
Deb Fuller's
(1965) Sand 0.65-0,77 .43 Earth & 100 0.13-0.20 Nona
Ed"'“d(!l;:;’) Honke Sand 0.35 - Clay 1 - 0,007 Tona
Ghosh sand Fullet's
{1958} Glacs Spheres 0.46-0.77(0.37-0.41 Eaceh 0 50-200 1-3 Hone
Hunter ;'1‘:5';;“““"" Sand - —  keolintre | 0.55 - - -
Ison
(1967} Sand 0.46-0,78 0.38 Faolinice 2-9 100 0,13-0.19 Hone
Tves Sand 0.25-1.30 Kaolini 2,5-10 0.05-0,25
(1951) Anthracite |0*22°F - clinite | 2. - <030, Hone
Tvasaki
(1937) Sand ©.10-0.80 0.40 Clay 1-40 - 0.0035-0.012 Nona
e Gravel 5.50 - clay 1 150 0,007 Jons
Minty and Krishtul Hone or
€1960) Sand 1.0-2.15 Clay — 0.15-0,25 Floceulant
Smith " Flocculant
(1967} Sand 0,60 -~ Bentonite 5 5-6 0,14 or Salt
T('l’;;:)‘ Glass Spheres [0.80-1.30 - Clay 2 - 0.007-0.023 Hona
Note: Dashes indicate that information wes not reported or cculd not be obtained,
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d. Sand has been the usual filter medium although glass
spheres or gravel have sometimes been used.

e, The equivalent grain diameter of the sands and glass
spheres ranged from 0.1 to 2.2 mm, and the porosity of
most filter beds was about 0.4, which is expected from
rounded sands and gravels, as well as glass spheres.

f. Very often a flocculant or ions were added to the sus-
pension before filtration to enhance particle agglomer-
ation or attachment within the filter.

49. Since most investigations were aimed at clarifying surface
water for municipal or industrial supply, it is not surprising that
concentrations of clay in the filter suspensions rarely exceeded 100 mg/4;
this is the range for which deep bed filters function well and are
amenable to automation in operation. Certainly these low levels of sus-
pended sclids do not lend themselves to surface filtration. For dredged
material disposal operations, supernatants with suspended solids on the
order of those reported in Table 6 (< 200 mg/#) would probably require
little, if any, treatment, and therefore the information in Table 6 is
not of direct applicability to the problem at hand (i.e. designing
granular media filters to handle much more concentrated (up to several
grams per liter) suspensions of dominantly clay particles). However,
this lack of available information served as the major impetus for the

eXtensive laboratory test program described in Part TII,

Summary

50. Recently imposed guidelines require a case-by-case evaluation
of discharges from dredged material confinement facilities to ascertain
that established water quality standards are satisfied. A manual that
is currently in preparation will define the procedures necessary to
evaluate such discharges. 1In the past, criteria for determining efflu-
ent quality were not standardized; according to those criteria, disposal
areas were required to have a suspended solids retention efficiency that
ranged from as low as 80 to more than 99 percent (actually 99.99 percent).
Efforts to control effluent quality have been limited, and the procedures

were mainly empirical; there appears to exist no documented methodology
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for the control of effluent quality. However, until bottom sediment
gquality improves substantially, the number of open-water disposal operx-
ations is likely to decrease in favor of confined disposal for dredged
material,

51. The grain-size distributions of dredged material vary con-
siderably, both locally and regicnally. Suspended particle size is an
important, if not dominant, parameter in determining the efficiency of
a confined disposal area; soil particles smaller than 10p constitute a
large portion of dredged material, and these particles can definitely
cause problems in the quality of the effluents from disposal areas.

52. Existing dredged material confinement facilities usually
allow detention times that are adequate to reduce the concentration of
suspended solids in the effluents to a range between less than 0.1 g/t
and about 1 to 2 p/4; therefore, retention efficiencies much higher
than 90 percent are being realized at most sites. The development of
new concepts in the disposal of dredged material may lead to the use of
small capacity transfer areas in the near future; because of small de-
tention times, the effluents from such areas, if untreated, would have
loads of suspended solids much higher than those experienced today.

53. The performance of conventional filter systems for dewatering
clay slurries can be predicted with reasonable confidence on the basis
of existing information and experience. However, available information
on deep bed filtration of dilute clay suspensions is of limited applica-
bility to the problem of clarifying disposal area supernatants.

54. The necessity to develop concepts for designing filter sys-
tems (such as pervious dikes and sandfill weirs) to treat disposal area
supernatants becomes more urgent with time; such systems must simultane-
ously control the amount of suspended solids in the effluent and allow
fast drainage of the disposal area. Filter systems for disposal area
supernatants should be able to effectively function under (a) either
a freshwater or saline enviromment, (b) a concentration of suspended
solids ranging from as low as 0.1 g/{ to perhaps more than 10 g/4, and
(¢} suspended particle sizes less than 10 to 20u.
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PART ITII: EXPERIMENTAL PROGRAM

55. The background information presented in Part II and the gen-
eral lack of data on the filterability of suspensions similar to those
that occur in confinement areas for dredged material emphasize the need
for a thorough experimental investigation of filter media that might he
used as components of filtering systems for digposal area supernatanis,
Although initial considerations sﬁggest that this need be satisfied by
conducting a series of field filtration tests with actual disposal area
supernatants, in situ tests have the disadvantages that (a) a large
number of disposal areas must be investigated to ensure that a suf-
ficiently broad and representative range of supernatants has been ex-
amined; (b} various logistics problems and adverse weather conditions
must be overcome; (¢) test schedules must be compatible with dredging
schedules; (d) the concentrations of suspended solids in the filter
suspensions cammot be controlled; and (e) it is virtually impossible
to conduct the large number of specialized tests that are needed to
characterize the influent and effluent samples properly. On the other
hand, laboratory tests have the advantages that (a) test conditions are
relatively controllable and the quality of the filter suspensions can be
predetermined with a good degree of reliability; (b) appropriate analyses
{e.g. grain-size distributions, mass concentrations, etc.) on influent
and effluent samples can be readily conducted; (c) convenience is en-
joyed; and (d) the application of the Scientific Method is facilitated.

56. Nothwithstanding the advantages, laboratory tests have the
disadvantage that properly scaled filter columns with realistic filter
media require large quantities of filtrate to achieve adequate measures
of their clogging tendencies, and the acquisition and preservation of
such large quantities of disposal area supernatants is a pfactically
impossible task. Ope major difficulty associated with any short-term
experimental study, regardless of whether field or laboratory tests
are involved, is concerned with the extrapolation of the test data to
predict the response for longer periods of time; this is an inherent
shortcoming in any experimental program, but it is particularly sig-
nificant for the study undertaken.
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57. A careful consideration of the foregoing advantages and dis-
advantages, together with (a) an enumeration of the variables to be
investigated, (b) an estimate of the number of tests required, and (c) an
assessment of the time available, led to the decision to direct the major
effort in this study to the conduct of laboratory filtration tests, How-
ever, similar experimental equipment and techniques were used to perform
two series of field filtration tests, one in a freshwater environmment
and the other in a saltwater environment. These tests were conducted in
order to complement the extensive series of laboratory tests and to pro-
vide data whereby variations in the performance of filter media under
laboratory and field tests might be assessed and guidance might be ob-
tained for extending the findings of the laboratory tests to the design
of filter systems for disposal area supernatants.

58. Described herein are (a) the variocus test series that were
conducted, (b) the filter media that were investigated, (c) the test
parameters that were measured and the ranges that were selected, (d) the
rationale behind the experimental plan, (e) the equipment and techniques

that were employed for each test, and (f) the data-collectiocn procedures.

Laboratory Filtration Tests

59, Approximately two hundred and fifty laboratory filtration
tests were conducted to determine the performance capabilities of several
different granular and fibrous filter media under a variety of simulated
field conditions. The selection of filter media, test variables, and
quantitative values for these variables was governed to a large extent
by field performance requirements and the expected range of operating
conditions.

60. Eight different granular filter media were selected according
to type (sand, gravel, and anthracite) and grain size (effective grain
size ranged from approximately 0.4 to 5.0 mm). Seven different fibrous
media were selected according to basic material (synthetic or metal
fibers), mesh size (5 to 50p), and weave pattern (random or regular),

Artificial suspensions with suspended solids (primarily kaolinite or

46



illite clays) concentrations that varied from 0.1 to 10 g/f were prepared
in either fresh or saline (ionic strength from 0,001 to 0.3) water. A
filter depth (up to 8 ft), flow direction (downflow, upflow, or hori-
zontal), and initial flow rate (0.06 to 0.65 cm/sec) were specified for
each test. The values assigned to some of the variables were selected

so that extreme rather than intermediate operating conditions were in-
vestigated with the understanding that the data obtaimed could be inter-
polated with the benefit of theoretical insight to estimate behavior for
intermediate operating conditions.

6l. A limited number of tests were conducted to (a) estimate the
effect of suspended organic matter on filter performance, (b) assess the
behavior of granular filter media under upflow and intermittent operating
conditions, (¢) investigate the possibility of using nonconventional
materials (such as straw, wood chips, and sawdust) as filter media,

(d) evaluate on a comparative basis the effectiveness of vacuum fil-
tration equipment for dewatering dredped material slurries, and (e) ex-
amine the backwashing efficiency of selected granular media.

Materials and methods

62, The planning and execution of the laboratory test program
involved (a) the development of a methodology for producing suspensions
that simulate disposal area effluents, (b) the selection of appropriate
filter media, (c) the design and construction of equipment, and (d} the
adoption and implementation of methods to analyze filtrate samples.

63. Suspensions. The suspended solids in the influent suspensions
for the laboratory filtration tests consisted of commercially available
clay soils of two different types: kaolinite and illite (Grundite).

The kaolinite was a water-processed hydrated aluminum silicate clay
known as Hydrite-R marketed by the Georgia Kaolin Company of Elizabeth,
New Jersey; the illite was the principal clay mineral in a clay soil
marketed under the name Grundite by the Illinois Clay Products of Joliet,
Illinois. These commercially available clays (both of which possess low
levels of soluble salts and are essentially inert chemically) satis-
factorily covered the range of grain sizes encountered in many disposal

area effluents; as shown in Figure 5, the grain-size distributions of
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these two claye lie within the envelope of grain-size distributions of
suspended solids found in disposal area effluents (see Figure 3 for
individual curves). The range of grain diameters (1 to 20u) plotted in
Figure 5 was the Coulter counter detection range selected for these
materials; accurate counting and sizing for diameters less than lpy is
virtually impossible without the use of a considerably more involved
technique, The grain-size distributions of Grundite and kaolinite are
superimposed in Figure 6 on the envelope of the average grain-size dis-
tributions of bottom sediments from 60 locations around the United States
and in Figure 7 on the envelope of grain-size distributions of dredged
materials from 10 locations in the United States.

64, Complete data on bottom sediments are presented in Appendix A,
and most of the gradation curves of the dredged materials are given in
Figure 4. The gradation curves in Figure 7 were obtained on the material
passing a No. 200 sieve (0.074 mm) without using a dispersing agent when
conducting the hydrometer test. Hence, the grain-size distributions of
the clays chosen for the laboratory filtration tests are reasonably
representative of the grain-size distributions suspended in many dis-
posal area effluents that might logically pass through a filter system.

65. To account for the situation that might be encountered in
small disposal areas where limited sedimentation times are available, a
wide range was chosen for the concentration of suspended solids (0.1, 1,
5, or 10 g/& for tests with granular media, and 1 or 10 g/4 for tests
with fibrous media).

66. Filter media, Fight different materials were selected for

use as gramular filter media. The characteristics, descriptions, and
grain-size distributions of these materials are given in Table 7 and
Figure 8. Since the dependence of filter performance on grain diameter
is very strong for granular media, a wide range of effective grain sizes
(0.38 mm < D10 < 5.0 mm) was selected. All eight materials were tested
as single-layer filter media, and five were used in the various dual-
layer combinations described in Table 8.

67. After a preliminary evaluation of the performance of single-

layer granular media was completed, the dual-layer filters were selected
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Table 7

Characteristics of Granular Filter Media

Medium Effective Uniformit
Identification | Particle oLty Description
: Coefficient
Number Size
do0 |% = d60’%10
(mm)
1 0.38 1.44 Fine sand (FS)
2 1.00 1.30 Coarse sand (CS)
3 2,00 2.00 Fine gravel (FG)
4 5.00 1.40 Coarse gravel (CG)
5 1.00 5.00 Sand-gravel mix (5G)
6 0.85 1.40 Fine anthracite (FA)
7 1.80 1.66 Medium anthracite (MA)
8 3.80 1.49 Coarse anthracite (CA)
Table 8

Components of Dual-Layer Granular

Filter Media

Medium
Identification Description

Number
21 Coarse sand over fine sand (CS/FS)
31 Fine gravel over fine sand (FG/FS)
bl Fine anthracite over fine sand (FA/FS)
36 Fine gravel over fine anthracite (FG/FA)
76 Medium anthracite over fine anthracite (MA/TFA)
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according to the following rationale. Since high mass-removal efficiency
and a uniform distribution of the deposit within the filter were desired,
the best performing single-layer media were used in combinations wherein
the grains become finer in the direction of flow.

68, Many fibrous media designed for use in various filtration
units are currently produced by a number of manufacturers, and a limited
amount of information exists on the performance and capabilities of these
media (Burns and Roe, 1971; Wright, Kavanaugh, and Pearson, 1970;
Kavanaugh et al., 1971; Calhoun, 1972; and others). However, except for
one or two isolated situations (e.g. the Charleston study; Murphy and
Zeigler, 1974), field conditions such as those encountered in dredged
material disposal areas have not been used to test fibrous media. As
sunmarized in Table 9 the products selected for evaluation in this
experimental program were constructed of synthetic, polymeric, or stain-
less steel fibers; the synthetic fiber media were either woven or non-
woven, which can markedly affect the blinding of a filter material,

69. Water and reagents. Since the dredging of bottom sediments

takes place in both fresh and saline water, both of these enviromments
were simulated in the laboratory test program. Ordinary tap water, the
ionic composition of which is given in Table 10, was used to model a
freshwater environment, and a sclution of tap water and some salt addi-
tive was used to simulate saline conditions. Although original plans
called for the use of synthetlic sea salts to rvepresent a saline water
environment, these additives were not used for the bulk of the tests
because (a) their cost was considered excessive and (b) for purposes

of these filtration tests it was not necessary to reproduce a biologi-
cally similar medium, but rather to duplicate only the ionic strength
of sea water, which required the addition of an inexpensive simple
electrolyte-like sodium chloride, In a short series of filtration
‘tests conducted on four different granular filter media with influent
composed of solutions of either Ocean C) salts or commercial-grade
sodium chloride, the compositions of which are given in Table 10, no
difference in performance was observed for either of the two sclutions;

hence,it was decided that a solution of 30 g/f of a commercial-grade of

53



Table 9

Characteristics of Fibrous Filter Media

Average

Med%um .+. Pore Size | Weave Pattern Basic Material
Identification .
(microns)
| A ———— — — —_— |
A (SFR) - Random Fiber Polyester Homofilament
- Polypropylene Homofilament

B (SFR) Randon Fiber and Nylon Heterofilament
C (SSW) 5 - Stainless Steel
D (SFW) - 1-1 Plain Multifilament
E (SFW) 29 1-1 Plain Monofilament
F (5FW) 50 2-2 Twill Menofilament Polypropylene
G (SFW) - 2-2 Twill Multifilament Polypropylene

+ Addresses of Manufacturers:

A, Monsanto Company, 800 N. Lindberg Boulevard, St. Louis, Missouri 63166
B. Celanese Corporation, Box 1414, Charlotte, North Carolina 28201

C. Cambridge Wire Cloth Company, Cambridge, Maryland 21613

D.  Lamports Company, 2301 Hamilton Avenuc, Cleveland, Ohio 44114

E. Tetko, Incorporated, 420 Saw Mill River Road, Flmsford, Wew York 10523
F. National Filter Media Company, P.0O. Box 4217, Hamden, Connecticut 06514
G. National Filter Media Company, P.0O. Box 4217, Hamden, Connecticut (6514
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Table 10

lTonic Composition of Waters

lised for Laboratory Filtration Tests

Coucentration (mg/L)
Constituent
Ocean R Tap Water
Ci 18400 8.5
Na 10220 5.0
SO4 2518 24
Mg 1238 11
K 390 1.1
Ca 370 35
HCO3 142 102
Sr 6.0 0,1
Si03 3.0 2.1
PO4 1.3 0.03
F 1.0 0.1
Li 0.2 ¢.001
Al 0.04 0.3
Co 0.01 G,003
Fe 0.01 0,08
Cu 0,003 .03

Note: The salt water used for the labora-

tory filtration tests had the same

ionic composition as tap water with

the addition of 18,200 mg/4 €4 and
11,800 mg/{ Na.

55




granulated sodium chloride (NaCf) in tap water would satisfactorily simu-
late a saline water environment.

70. Filtration apparatus. The equipment used for conducting the

laboratory tests consisted of (a) large tanks (200 to 400 gallons) for
the storage of suspensions, (b) rheostat-controlled pumps, (¢) upstream
and downstream constant head tanks for overall hydraulic head control,
(d) filter columns with sampling ports, and (e) batteries of piezometer
tubes. The overall arrangements, as well as some of the structural
details, of this equipment are shown in Figures 9, 10, 12, and 13 and
some photographs of the test columns for the granular filter media and
the test apparatus for the fibrous media are shown in Figures 11 and 14,
respectively.

71, Efficiency measurements., Measurements of particle number,

turbidity, and suspended mass were used to determine the removal ef-
ficiency of the filter media. The number of suspended particles of
various sizes was obtained by use of a Model A Coulter counter inter-
faced with a Nuclear Data multichannel analyzer, and these data were
interpreted to yield the suspended particle-size removal efficiency of
the filter media. Turbidity readings were taken with a Hach 1860 lab-
oratory turbidimeter and, with the help of gravimetric determinations,
were used to evaluate the mass removal efficiency of the filters.
Direct gravimetry was employed to determine the mass of suspended solids
in the effluents of the filter columns. The method used to correlate
turbidity readings and concentrations of suspended solids is presented
in Appendix B. For a number of tests on granular filter media, the
local mass accumulation was measured at three points along the column,
thereby allowing an estimate of the specific deposit and a verification
of the mass balance of material collected by the filter.

Operating procedures

72. Standard procedures were used to prepare the artificial sus-
pensions, clean the filter columns, and conduct each test. The vari-
ables for all tests are identified in Table 11 for the granular media
and in Table 12 for the fibrous media.

73. Selection of variables. 1In the process of designing each
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Figure 10, Structural Details of Column for Testing Granular Media
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Photographs of Laboratory Tests on Granular Media

Figure 11,
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Figure 14, Photographs of Laboratory Tests on Fibrous Media
62



Table 11

Summary of Laboratory Filtration Tests on Granular Media

Initial
Test Filter Filter Type of Concentration Type of Head Discharge Direction
Kumbey Medium Depth Suspension Water of Flow
' velocity
(cm} (mg/1) {cm) (cm/sec)
T1vl ¥FS 152 Kaolinite 160 fresh 198 G.15 Vertical
Tiv2 FS 152 Kaciinite 1,000 Fresh 158 0.1¢ Vertical
T1v3 FS 152 Grundite 100 Fresh 168 0.13 vertical
TIVA FS 152 Grundice 1,000 Fresh 198 0.16 Vertical
T1v8 F8 152 Grundite L,000 Fresh 107 0.06 Vertical
T1lV9 FS 152 grundite 5,000 Fresh 198 0.13 Vertical
TIVLO FS 152 ¢rundite 5,000 Fresh 107 0.07 Vertical
TVl FS 152 Grundite 10,000 Fresh 198 0.14 Vertleal
Tiviz FS 152 crunditce 10,000 Fresh 107 0.47 Vertical
81Vl FS 152 Kaolinige 100 salt 19¢ 0,15 Yertical
51v2 FS 152 Kaolinite 1,000 Salt 198 0.16 Vertical
sy FS 152 Crundire 100 salt 193 0.14 vertical
s1va FS 152 Grundite 1,000 Salt 198 .14 Vertical
51V8 FS 152 Grundite 1,000 Salt 107 0.07 Vertical
sivil FS 152 Grundite 10,000 Salt 198 0.13 Vertical
s5lvi2 F5 152 grundite 10,000 galc 107 ¢.07" vertical
T1H1 F3 152 Kaolinite 100 Fresh 148 0,13 Horizontal
Tin2 ] 152 Raclinite 1,000 Fresh 198 0,15 Horlzonzal
T1H4 F§ 152 Grundite 1,000 Fresh 198 0.13 Horizontal
TLHB 1] 152 Grundite 1,000 Fresh 107 .08 HoTizontal
S1H2 F8 152 Raolinite 1,000 salt 198 .16 Hotizoutal
T2V1 s 152 Kaolinite 100 Fresh 198 0.62 vertical
TZ2V2 cs 152 Eaclinite 1,000 Fresh 198 C.66 vertical
T2V3 cs 152 Grundite 100 Fresh 198 0.62 Vertical
TZV4 cs 152 Grundite 1,000 Fresh 198 0.62 Vertical
T2V8 cs 152 Grundite 1,000 Fresh 107 .31 Vertical
T2Y9 cs 152 Grundite 5,000 Fresh 158 0.64 Vertical
T2V10 s £52 Grundite 5,000 Fresh 107 0.49 vertical
T2V11 s 152 Grundite 10,000 Fresh 198 0.60 Vecrtical
T2V12 Ccs 152 grundite 10,000 Fresh 107 .30 Vertical
s2vl ] 152 Kaolinite 100 salt 198 0.62 Vertical
8242 <s 132 Faolinite 1,000 Salt 158 .60 Yertical
52¥3 [ 152 Grundite 100 Salt 198 .51 Vertical
52V4 Cs 152 Grundite 1,000 Sale 198 0.62 Vertical
52V8 93] 152 Grundite 1,000 Salt raz 0.33 Vertical
s2vll (o] 152 Grundite 10,000 sale 198 0.62 Vertical
s2vi2 Ccs 152 Grundite 10,000 Salt 107 0.32 Vertical
TZHL cs 152 Kaolinite 100 Fresh 198 0.66 Horizontal
TZl2 cs 152 Kaolinize 1,000 Fresh 198 Q.62 Horlzontal
T2HG cs 152 Grundite 1,000 Fresh 198 0.66 Horizontal
T2H8 cs 152 Grundite 1,000 Fresh 107 0.32 Horizontal
S2HZ s 152 Kaelinite 1,000 Sale 198 0.62 Horlzontal
13v5 FG 244 EKaolinite 100 Fresh 45 (.38 Vertical
TIVE FG 244 Kavlinire 1,000 Frech 45 ©.37 Vertical
Tav? FG 244 Crundite 100 Presh 45 0.41 Vertical
TIVB FG 244 Grundite 1,000 Fresh 45 0.41 Vertical
T3V10 FG 244 Grundite 5,000 Fresh 45 0.39 Vertical
T3Vi2 FG 244 Grundire 10,000 Fresh 45 0.41 Vertical
§3V5 FG 264 Kaoclinite 100 Salt 45 0.35 Vertlcal
53V6 FG 244 Kaoliulite 1,000 Salt 45 0,35 Vertical
53v7 FG 244 Grundite 100 Salt 45 G.35 vertical
{Continued)
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Table 11 (Continued)

Inicial
Test Filter Filter Type of Concentration Type of Head Discharge Direction
Number Med ium Depth Suspension Water af Flow
veloclity
{cm) {mg/L) {cm) (emfsec)
53vs FG 244 Grundire 1,000 Salt 45 0.36 Vercical
T3H8 FG 244 CGrundite 1,000 Fresh 45 0,45 Horizontal
53H8 FG 244 Grundite 1,000 Salt 45 0.45 Horizontal
T4VS <G 244 Xaolinite 100 Fresh 45 0.60 Vertical
TLVE CG 244 Eaolinite 1,000 Fresh 45 0.58 Vertical
T4N7 G 244 Grundite 100 Fresh 45 0.58 Vertical
TLV8 cG 24, Grundite 1,000 Fresh 45 Q.62 Vertical
T&V10 cG 44 Grundite 5,000 Fresh 45 0.60 vertical
T4v12 oG 244 Grundite 14,000 Fresh 45 0.60 vertical
S4vE cG Zhb Grundite 1,000 Salt 45 0.60 Vertical
T4HHB cG 244 Grundite 1,000 Fresh 45 0.58 Horizontal
T5V1 56 244 Kaolinite 100 Fresh 107 0.45 Vertical
T5V2 5G 244 Kaotinite 1,000 Fresh 107 0.35 Vertical
T5V4 sG 44 Grundite 1,000 Fresh 107 0.35 Vertical
T5V5 sG p Kaolinite 100 Fresh 45 0.20 Vertical
T5VE 5G 244 Raclinite 1,000 Fresh 45 0.17 Vertical
TSV? 5G 244 Grundite 100 Fresh 45 0.22 Vertical
T5vE 3G 244 Grundite 1,000 Fresh 45 0.25 Vertical
T5v% SG 44 Grundite 5,000 Fresh 107 0.43 Vertical
TSV1OQ sSG 264 Grundite 5,000 Fresh 45 0.27 Vertical
T5v11 sG 244 Grundite 10,000 Fresh 107 0.40 Vertical
T5V12 G 244 Grundite 10,000 Fresh 45 0.23 Vertical
55v2 SG 244 Xaolinite 1,000 Salt 107 0.39 Vertical
S5V4 SG 244 Crundite 1,000 salt 107 0.41 Vertical
85V5 S5G 264 Kaolinite 100 Salt 45 0.17 Vertical
$5v6 SG 244, Kaolinite 1,000 Salt 45 0.20 Vertical
s5ve SG 244 Grundite 1,000 Salc 45 0.19 Vertical
55v11 5G 244 Grundite 10,000 Sale 107 ¢.43 Vertical
TS5H&4 56 244 Crundite 1,000 Fresh 107 g.51 Horizontal
S5H8 SG 244 Grundite L,000 Sale 45 0.23 Horizental
T6V1 FA 152 Kaclinite 100 Fresh 107 .22 Vertical
T6VZ FA 152 EKaclinite 1,000 Fresh 107 Q.24 Vertical
Tov3 FA 152 Grundite 100 Fresh 107 Q.25 Vertical
T6V4 FA 152 Grundite 1,000 Fresh 107 0.25 Vertical
TEVS FA 152 Kaolinite 100 Frash 45 0.08 Vertical
T6VE FA 152 Eaclinite 1,000 Fresh 45 Q.09 Vertical
TOVT FA 152 Grundite 100 Fresh 45 0.08 Vertical
T6vE FA 152 Grundite 1,000 Fresh 45 0,10 Vertical
T6VY FA 152 Grundite 5,000 Fresh 107 0.20 Vertical
T6V10 FA 152 Grundite 5,000 ¥resh 45 0.08 Vertical
T6VEil FA 152 Grundite 10,000 Fresh 107 0,20 Vertical
T6Y12 FA 152 Grundite 10,000 Fresh 45 0.08 Vertical
56V1 FA 152 Kaclinite 100 Salt 107 0.27 Vertical
S6V2 FA 152 Kaolinite 1,000 Sale 107 0.21 Vertical
56v3 FA 152 Crundite 100 Salt 107 0,24 Vertical
564 FA 152 Grundite 1,000 Salc 107 0.20 Vertical
S6VYS FA 152 Kaolinite 100 Salt 45 Q.09 Vertical
S6V6 FA 152 Kasolinite 1,000 Salt 45 G.08 vertical
s56Y7 P& 152 Grundite 100 salt 45 0,08 Vertical
56VE FA 152 Crundite 1,000 salt 45" 0.0% Vertical
S6V11 FA 152 Grundite 10,000 salt 107 0,22 Vertical
(Continued)
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Table 11 (Continued)

Initfal
Test Filter Fllter Type of Type of Divegcrion
Number Hed {um Depch Suspension Concentration Hater Head Discharge of Flow
Velocity
{em) (mg/t) (cm) (em/sec)
T6HL FA 152 Kaclinite 100 Fresh 107 Q.26 Horizountal
ToH2 FA 152 Kaolinite 1,000 Fresh 107 0.31 Horizontal
THHG Fa 152 Xaplinite 1,000 Fresh 45 0.09 Horizontal
S6H4 FA 152 Grundite 1,000 Salc 107 0.25 Horizontal
T7v1 MA 152 Raolinite 100 Fresh 107 0,58 Vertical
T7v2 MA 152 Kaolinite 1,000 Fresh 107 0.62 Vertical
TV} MA 152 Grundite L00 Fresh 107 0.58 Vertical
TG MA 152 Grundite 1,000 Fresh 107 Q.59 Vertical
T7vS MA 152 Kaolinire 100 Fresh 45 0.21 Vertical
T7VE MA i52 Kaolinite 1,000 Fresh 45 0,20 Vertical
vy MA 152 Grundite 100 Fresh 45 0,20 Vertical
TIV8 MA 152 Grundite 1,000 Fresh 45 9.26 Vertical
TIVY MA 152 Grundite 5,000 Fresh 107 Q.54 Vertical
T7v10 MA 152 Grundite 5,000 Fresh 45 0.28 Vertical
T7Vv11 MA 152 Grundite 10,000 Fresh 107 Q.52 Vertical
T2 MA 152 Grundice 10,000 Frash 45 0.28 Yertical
S7vL MA 152 Kaolinite 100 salt 107 Q.57 Vartical
s7v2 MA 152 Kaplinite 1,000 salt 107 0.54 Yertical
§7v3 MA 152 Grundite 100 Salt 1Q7 Q9,59 Yartical
S7vé MA 152 Grundite 1,000 salt 107 0,54 Vertical
S7V5 MA 152 Kaolinite 100 salt 45 0,25 Vertical
s7V6 MA 152 Faolianice 1,000 Salt 45 0.26 Vertical
sIV7 MA 152 Grundite 100 Salt 45 0.26 Vertical
57v8 MA 152 Grundite 1,000 salt 45 0,26 Vercical
T4l MA 152 Kaolinite 100 Fresh 107 .65 Horizontal
T742 MA 152 Kaolinite 1,000 Fresh 107 0,54 Horizontal
T7i6 MA 152 Kaolinite 1,000 Fresh 45 0.27 Horizontal
3744 VA 152 Grundite 1,000 salt 107 0.52 Horizental
TBYS CaA 152 Kaclinite 100 Fresh 45 0.63 Vertical
TEVE CA 152 Raclinite 1,000 Fresh 45 0.62 Vertical
T8V7 CA 152 Grundite 100 Fresh 45 0,62 Vercical
T8VE CA 152 Crundite 1,000 Fresh 45 0.56 Yertical
TEYLO CA 152 Grundite 5,000 Fresh 45 0,56 Vertical
TBV12 CA 152 Grundite 10,000 Fresh 45 0.60 Vertical
S8V5 ca 152 Kaolinite 100 salt 45 0,58 Vertical
58V6 CA 152 Kaolinite 1,000 Salt 45 0.58 Vertical
s8v7 CA 152 Grundite 106G Salt 45 Q.64 Vertical
s8ve ca L52 Grundite 1,000 Salt 45 .59 Vertical
TBHS CA 152 Grundite 1,000 Fresh 45 0,62 Horizontal
TZLlVl CS/FS 9L + 61 Kaolinite 100 Fresh 198 0.21 Vertical
T21v2 CS/FS 91 + b1 Kanlinite 1,000 Fresh 198 0.1 Vertical
T21v3 CS/FS 91 + 61 Grundite 10¢ ¥Fresh 198 .15 Vertical
TZIv4 CS/F§ 91 + 61 Grundite 1,000 Fresh 198 0.2t Vertical
121v8 ¢S/ FS 9l + 61 Grundite 1,000 Eresh 107 0.12 Vertical
T21vY CS/FS oL + 61 Crundite 5,000 Fresh 198 0.25 Vertical
T2tvi0 CS/FS 91 4 61 Grundite 5,000 Fresh 107 0,12 Vertical
TZ21V1L CS/FS 91 + &1 Crundite 10,000 Fresh 198 0.23 vertical
TZivlz2 C5/FS a1l + 6l Crundite 10,000 Fresh 107 0.12 Yertical
521Vl CS/F5 91 + 61 Faolinite 100 salt 198 0.18 vertical
s2ve CS/FS 91+ 61 Kaclinite 1,000 Salr 198 0.21 vertical
s2Lv3 C5/FS 9l + 61 Grundite 109 Salt 198 0.18 vertical
{(Continued)
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Table 11 (Concluded)

Inicial
Test Filter Filter Type of Type of Direction
Number Medium Depth Sugpension Concentrat lon Water Head Discharge of Flow

Velocity

(em) (mg/L) (cm) (cm/sec)
521vE CS/FS 91 61 Crundite 1,000 Salt 107 0.12 Vertical
521v1l CS/FS 91 + 61 Grundite 10,000 Salt 198 0,19 VYertical
T31V1 FG/ T8 91 61 Kaolinite 100 Fresh 107 0,20 Vertical
T31V2 FG/FS 91 61 Kzolinite 1,000 Fresh 107 0.18 Vertical
T31V3 FG/F5 91 + 61 Grundite 100 Fresh 107 0.25 Vertical
T31V4 FG/ FS 91 + 61 Grundite 1,000 Fresh 107 0.17 Vertical
131v8 FG/F5 91 + 61 Grundite 1,000 Fresh 45 Q.06 Vertical
TILV9 FG/FS 91 61 Grundite 5,000 Fresh 107 0,18 Vertical
T3lvle FG/FS 91 61 Grundite 5,000 Fresh 45 Q.06 Vertical
T31vV11 FG/FS 91 + 61 Grundite 10,000 Fresh 107 0.23 Vertical
T3lvl2 FG/FS 9L 41 Grundite 10,000 Fresh 45 0.08 Vertical
531vl FG/FS8 91 + 61 Kaolinite 100 Sal: 107 0.21 Vertical
53iv2 FG/FS 91 61 Kaolinite 1,000 Salt 107 ¢,.21 Vertical
S3Iv3 FG/FS 91 6l Grundite 100 Salt 107 0,21 Vertical
331v4 FG/FS 91 + 61 Grundite 1,000 salt 107 0,21 vertical
$31y7 FG/¥S 91 61 Grundite 100 Salt 45 G.08 Vertical
TO1V4 FA/FS 91 61 Grundite 1,000 Fresh 107 0,10 Vertical
T61VE FASFS 91 + 61 Crundite 1,000 Fresh 45 0.04 Vertical
T61V9 FA/FS 91 + 61 Grundite 5,000 Fresh 107 0.12 Vertical
T61V10 FA/FS 91 61 Grundite 5,000 Fresh 45 0.04 Vertical
T&IVLL FA/FS 91 61 Grundite 10,000 Fresh 107 G,15 Vertical
T61V12 FA/FS 91 + 61 Grundite 10,000 Fresh 45 .05 Vertical
561v7 FA/FS 9L + 61 Grundite 100 Salt 45 0.G4 Vertical
561v8 FASFS 921 61 Grundite 1,000 Salt 45 2.5 Vertical
S6ivll EASFS 91 61 Grundite 190,000 Salt 107 0.11 Vertical
T36V4 FG/FA 91 61 Grundite 1,000 Fresh 107 0.40 Vertical
T36V8 FG/FA 91 61 Grundite 1,000 Fresh 45 0,11 Vertical
TI6V9 FG/FA 91 + 61 Grundite 5,000 Fresh 107 0.26 Vertical
T36V10 FG/FA 91 61 Grundite 5,000 Fresh 45 0.13 Vertical
TiEV1L FG/ FA 91 6l Grundite 10,000 Fresh 107 .41 Vertical
TI6V12 FG/FA 91 61 Grundite 10,000 Fresh 45 0.14 Vertical
S$36vV1 FG/FA 91 61 Kaclinite 100 Salt 107 0.35 Vertical
536v2 FG/FA 91 6l Faolinite 1,000 Salt 1c7? 0.35 Vertical
536V3 FG/FA 91l + €1 Grundite 100 Ssalt 107 g.35 Vertical
$36v4 BG/FA 91 61 Grundite 1,000 Salt 107 G.43 Vertical
536v7 FG/FA 91 61 Grundite 100 salt 45 .15 Vertical
T76v1 MA/FA 91 61 Kaolinite 100 Fresh 107 0.25 Vertical
TIEV2 MA/F4 91 51 Kaolinite 1,000 Fresh 107 ¢.29 Vertical
T76V4 MA/FA 9L + 61 Grundite 1,000 Fresh 107 0.20 vertical
T76v5 MA/FA 9t 61 Kaolinite 100 Fresh 45 0.10 Vertical
TTEV6 MA/FA 9l + 61 Favlinlte 1,000 Fresh 45 0,12 Vertical
T76v7 MA/SFA gl + 61 Grundite 100 Fresh 45 0.08 Vertical
T76Y8 HA/FA 9L + 61 Grundite 1,000 Fresh 45 0.10 vertical
T76V¥9 MASFA al 61 Grundite 5,000 Fresh 107 0.23 Vertical
T76v10 MAS FA 91 61 Grundite 5,000 Fresh 45 0.24 Vertical
T76VL1 MA/FA 91 61 Grundite 10,000 Fresh 107 0.21 vertical
TIOV1Z MASFA g1 61 Grundite 10,000 Fresh 45 0.15 Vertical
ST6VS MA/FA 91 + 61 Kaolinite 100 salt 45 0.10 vertical
S76V6 HASFA 91 61 Kaolinite 1,000 Satt 45 0.1% Vertical
576v7 MA/FA 91 + 61 Grundite 100 Salt 45 0.11 Vertical
s76v8 MASFA 91 61 Crundite 1,000 salt 45 0.12 Vercical
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Table 12

Summary of Laboratory Filtration Tests on Fibrous Media

Fresh Water Salt yater
Filter Type of Type of
Medium Filter Sugpended | Concentration of | Concentration of
. . . Suspended Solids | Suspended Solids
Identification Medium Solids
* (8/4) (g/%)
1 10 1 10
Kaolinite X X X X
A SFR
Grundite X XX X X
Kaclinite X X X X
B SFR
Grundite X XX X X
Kaolinite X X - X
c S5W
Grundite X - X X
Kaolinite X X _ X
D SFW
Grundite X XX - X
Kaolinite X X - X
E SFW
Grundite X b 4.4 - X
Kaolinite — X - X
F SFW
Grundite X XX - X
Kaclinite X - - X
G SFW
Grundite - XX - X

Notes:

1, ‘The sywbol X indicates that a test was conducted at an
initial flow velocity of approximately 1.4 cm/sec.

2. The symbol XX indicates that a second test was conducted
with an initial flow velocity much larger than the
usual 1.4 ¢cm/sec.

3. Dashes indicate that no tests were conducted,
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laboratory test, the filter medium was selected first; then, the remaining
dominant variables were chosen as follows:

a. Type of water., Depending on the type of enviromment to be
simulated, fresh or salt water was selected.

b. Type of suspension. Kaeolinite or Grundite was used to
obtain the desired grain-size distribution for the sus-
pended solids,.

c. Concentration. The concentration of suspended solids was
chosen to lie between 0.1 and 10 g/&.

d. Filter depth. Single-layer granular media were placed in
columns to a depth of either 5 or 8 ft; dual-layer granu-
lar media always had a total depth of 5 ft with the first
medium in the direction of flow being 3 ft deep. Virtu-
ally all tests on fibrous media were performed with single
layers only.

1o

Flow rate. All laboratory tests were conducted under
constant overall hydraulic head, rather than constant
flow rate; this situation probably affords a more real-
istic simulation of field operating conditions where
expensive flow-rate control equipment are not used and
where, due to clogging, flow rates tend to decline while
hydraulic heads are maintained approximately constant.
However, the initial flow rates did vary, and they were
dictated by the head selected. For granular media one
low and one high initial flow rate were used, but for
fibrous media the initial flow rate was always about
l.4 cm/sec (relatively high).

I+

Flow direction. The bulk of the granular media tests

were conducted in a vertical downflow mode, but a limited
number of tests were performed to evaluate the advantages
or disadvantages in filter performance obtained with hori-
zontal flow or upflow. The flow direction for the fibrous
media was always vertically downward and perpendicular to
the face of the filter,

74, Preparation of suspensions., The suspensions were prepared

by first dispersing small portions of solids in water by use of high-
speed electrical mixers (Waring or Hamilton Beach blenders) and then
adding these mixtures to the water in the storage tank. Mechanical
stirrers fastened on the tank wall continuously mixed the suspension
during each test. For the tests involving salt water, an equilibration
period of several hours was allowed between the time when the salt was

added and the time when the suspended solids were added to the water.
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Before starting each test, the suspension was continuously agitated in
the tank for at least thirty minutes. During the time of each test
(usually eight hours), the electrophoretic mobility of the suspended
particles and the pH of the suspension did not change.

75. Preparation of filter columns, After each test sequence was

finished, the filter columns were emptied and thoroughly cleaned with
tap water., Influent and effluent lines, upstream and downstream constant
head tanks, and other parts of the test assembly were cleaned periodi-
cally. The granular filter media were placed in the columns in about
6-inch layers and compacted by striking the sides of the column. The
resulting void ratios ranged from 0.50 to 0.55 for the sands and gravels
(with the exception of the coarse gravel, which had an average void
ratio of 0.65) and from 0.75 to 0.80 for the anthracites. Aicer the
filter material was placed to a predetermined depth, it was washed in
the direction of flow (without fluidization) with tap water in order to
remove any existing dust or fine particles that might alter the nature
of the filtrate samples.

76. Conduct of test. A typical test involved the following

operations:

a. Initiation of test. After the equipment was prepared and
inspected, the filter suspension was pumped into the up-
stream constant head tank and allowed to flow by gravity
through the column to the downstream constant head tank.
No attempt was made to eliminate the trapped air, which
effectively decreased the void volume of the [iltey
medium,

f=3

Sampling. Samples of the influent, effluent, and inter-
mediate filtrate were taken approximately 0.5, 1, 2, 4,
and 8 hours after the tests began; in the case of the
fibrous filter media, samples were taken more frequently
during the first hour of operation.

¢, Discharge and head loss readings. The discharge of each
column and the water levels in the piezometer tubes were
measured whenever filtrate samples were collected.

d. Termination of test. Each test was terminated either
after eight hours of operation or when the flow rate
decreased by about one order of magnitude from the
initial flow rate.

69



Supplementary studies and tests

77. A limited number of supplementary tests were conducted to
examine additional filter configurations or operating procedures and to
obtain added insight into the influence of particle characteristics on
filter performance. As summarized in Table 13, filtration tests were
performed to evaluate the effects of upflow conditions, suspended or-
ganics, and intermittent operation, as well as to assess the efficiency
of backwashing. Table 14 describes various series of tests employing saw
dust, straw, wood chips, or wood shavings as filter media; in addition,
a brief study of vscuum dewatering was undertaken, and the results that
were obtained are summarized in Appendix C,

78. For the needs of this research study, particular correlations
were developed between turbidity and mass concentration for the Grundite
and kaolinite suspensions according to the method described in Appendix
B. Since varying periods of time may be required for the properties of
clays to equilibrate with their aquatic enviromment, a series of tests
were made to measure the pH and electrophoretic mobility of the Grundite
and kaolinite suspensions as a function of time. Neither mobility nor
pH showed much variation in a typical 8 hour test. The mobilities were
generally small (1.5 and 1.9 p/sec/volt/em for kaolinite and Grundite
suspensions, respectively) in tap water, and approached zero in simu-

lated sea water.

Field Filtration Tests

79. Two series of field filtration tests were conducted to eval-
uate and compare the field performance of several granular filter media
that were tested in the laboratory. Since the composition and concen-
tration of the disposal area supernatants were dictated in large part
by the operating conditions that prevailed at the time of testing, the
field suspensions were different from those used in the laboratory
tests. Specifically, except for a limited number of tests in which
organic sludge particles were added to the clay, the laboratory sus-

pensions consisted only of nonvolatile suspended solids, and the amount
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Table 13

Summary of Supplementary Tests on Granular Filter Media

Test Filter Initial Direction
ati d  sch
Number Medium Concentration Hea %i?;éiii? of Flow
(mg/4) (cm) (cm/sec)

T1v13” FS 5,000 107 0.07 Down Flow

T2v13" cs 5,000 107 0.30 Downflow

T6V13" FA 5,000 45 0.09 Down £1ow

17913 MA 5,000 45 0.21 Down £Low

T1V1h FS 10,000 107 0.05 Up£low

T2V14 cs 10,000 107 0.22 Upflow

T6V14 FA 10,000 45 0.07 Upflow

T7V14 MA 10,000 45 0.18 Upflow
3

T1V15 FS 5,000 198 0.07 Down £low
E X3

T2V15 cs 5,000 198 0.28 pownflow
=%k

T6V1S FA 5,000 107 0.09 Down £Low
*

TV MA 5,000 107 0.20 Down £1ow

Notes:

For all tests the filter depth was 152 em and the suspension was
Grundite in fresh water.

2000 mg/f digested sludge was added to the influent,

After an initial run of 7 hours, there was a 44 hour rvest period;
a second run was then conducted for 8 hours or until clogging.
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Table 14

Summary of Laboratory Filtration Tests

on Nonconventional Filter Media

Direction Initial
Material Discharge Remarks
of Flow .
Velocity
(cm/sec)
Downflow 0.04 Channelized flow occurred
Hay
Upflow 0.03
Downflow - Very low permeability; column
Sawdust clogged fast by blinding of
Upflow - upstream face of filter
Down flow 0.10 Channelized flow occurred
Wood Chips
Upflow 0.10
Downflow - Columns clogged quickly
Wood Shavings

Upflow -

Notes:

Type of water : Fresh

Suspension : Grundite

Concentration : 10,000 mg/f
Filter Depth : 152 ¢m
Head : 107 em
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of suspended solids in the laboratory suspensions was essentially constant
for any given series of tests,
Test sites

80. Two different field test sites were selected primarily on the
basis of the water environment in which the dredging took place. The
saltwater site was located at the Military Ocean Terminal-Sunny Point
(MOTSU) near Wilmington, North Carolina, and the freshwater site was the
Penn 7 disposal area near Toledo, Chio. The tests at MOTSU were comn-
ducted in late January 1975 and the tests at Penn 7 were performed during
the third week of April 1975.
Equipment

81. The equipment used for these field tests was essentially the
same as that employed for the laboratory tests. However, instead of
downstream constant head tanks, the elevations of the filter column
discharge tubes were adjusted to yield initial flow rates similar to
those used for the laboratory tests. The arrangements of the equipment
at each site are shown in the schematic diagrams and photographs pre-
sented in Figures 15 through 18.

Variables and parameters

82, All of the single-and dual-layer granular filter media that
were used in the laboratory tests were tested during both series of
field tests, The characteristics and grain-size distributions of these
media have been given in Tables 7 and & and in Figure 8. The direction
of flow was always vertical (downflow), and the filter depth for single
layer tests was always 5 ft, For tests on dual-layer media, the top
and bottom layers had depths of 3 and 2 ft, respectively. Tests with
two different initial flow rates were conducted for each filter medium;
the initial flow rates were controlled by establishing an overall hy-
draulic head difference, which was then maintained constant throughout
the duration of each test (this same procedure was followed in the lab-
oratory tests). As mentioned previously, the composition and concen-
tration of the field filter suspensions were dictated by the conditions
that existed within the containment areas at the time of testing, but

the time-dependent properties of the influent and effluent suspensions
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Figure 16. Photographs of Field Tests at MOTSU
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Figure 18. Photographs of Field Tests at Penn 7
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passing through the filters were monitored several times during each
test.

Data collected

83, At specified times during each test, the rate of discharge was
measured for each filter column and filtrate samples were collected from
points aleng each column. The filtrate and supernatant samples were
tested immediately for turbidity with a Hach model DR-EL field turbi-
dimeter, and selected samples were tramnsported to the laboratory for
the determination of particle size and number by Coulter counter and
solids content by gravimetric techniques.

MOTSU

84, The MOTSU disposal area is in its second year of operation
and, at the present rate of dredging activity, has an expected lifetime
of ten years. The dike, which was designed as a small dam, is as high
as 40 ft (13 meters) in places and about 4 miles (6.4 kilometers) in
perimeter. The effluent sluicing device is a conecrete structure with
wooden stop-logs that control the discharge of the supernatants,

85. At the time during which these field tests took place, an
undegirable situation existed at the disposal area. Due to an unfortu-
nate combination of circumstances that existed at the site (the inflow
pipe was located relatively close to the overflow weir; the topography
within the disposal area prevented the free flow of water to the weir;
and wind tended to carry the water to the farside of the disposal area),
the so-called "supernatants'' accumulating near the overflow weir had a
suspended solids content in excess of 8 percent by weight. Since en-
vironmental constraints prohibit the discharge of supernatants with
such high solids content, the weir was not functioning.

86. An inspection of the disposal site showed that (a) water
was ponding at various locations within the containment facility;

(b) the ponded water was of good quality (turbidity on the order of 50
to 100 JTU); {c) an accessible area containing supernatants with solids
contents on the order of 5 to 15 g/f could not be found; (d) the need
to maintain traffic flow around the dike precluded all test locations

except at the overflow weir; and (e) water with a low solids content
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{turbidity on the order of 200 to 300 JTU)} was entering the weir structure
through the joints between the stop-logs. Within the context of these
restraints, it was decided to use as a filter suspension the supernatant
that accumulated inside the overflow structure. Descriptions of the
twenty tests conducted at this site are given in Table 15,
Penn 7

87. The Penn 7 disposal area in Toledo, Ohio, is in its third year
of operation and has already been filled to about three-quarters of its
capacity. The dike is about 12 ft (4 meters) high and of about one mile
(1.6 kilometers) in perimeter, The effluent sluicing device consists of
a cylindrical steel tube, and the discharge of supernatants is controlled
by the height of stop-logs that form an overflow weir. At the time during
which these tests were conducted, the water was being retained inside the
diked area and there was no discharge of supernatants. Since previous
experience with this disposal area (Krizek, Gallagher, and Karadi, 1974)
indicated that the quality of water going over the weir was generally
good and filtering would not normally be required, an alternate location
for conducting these tests was selected about 400 ft (130 meters) from
the inflow pipe. Because of channelization within the disposal area, the
slurry reaching this point had a high concentration of suspended solids
(2 to 10 g/k, as determined gravimetrically in the laboratory). Sixteen
tests were conducted on filter suspensions obtained by diluting this
slurry with river water so that the suspended solids were about 0.5 g/f£.
The slurry was diluted to simulate effluents from a much larger sedimen-
tation basin. The list of all tests in this series, together with values

of the variables for each, is given in Table 16.

Summarz

88. 1In an effort to obtain the data required to evaluate the
characteristics and performance capabilities of various filter media,
over 300 laboratory and field filtration tests were conducted during the
experimental phase of this research program. The laboratory test pro-

gram consisted of (a) 204 tests on granular filter media, (b) 49 tests
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Table 15

Summary of Field Filtration Tests at MOTSU

Test Filter
Number Medium Head Concentration
(em) (g/4)
Wl FS 198
w2 cs 198
w3 CS 107 g
4]
w4 FG 107 E o
Q »
W5 FG 45 2 9
w
W6 SG 107 o
o
W 56 45 3 .
O
w8 FA 107 o
0 =
W FA 45 o
L
Wi0 MA 107 rg o.
Q) ~d
=
W12 CS/Fs 198 o @
U0
W13 FG/FS 167 z S
Wi4 FG/FS 45 8 b
o oe
W15 FA/FS 107 o §
-
W16 FA/FS 45 § -%
WL7 FG/FA 107 § E
W18 FG/FA 45 o ©
o=
W19 MA/FA 107 B
W20 MA/FA 45
Notes:

Filter Depth

: 152 cm

Flow Direction : Vertical (downflow)
Type of Water : Saline {about 1.75% dissolved

solids in the liquid phase)
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Table 16

Summary of Field Filtration Tests at Penn 7

szszr iiﬁ;i; Head Concentration
(cm) (/1)

TI Fs 183 2.3 - 3.4
T2 FS 91 1.1 - 2.7
T3 FS 183 0.5

T4 Cs 183 1.1 -~ 2.7
T5 Cs 91 1.7 - 2.5
TH CS 183 0.5

T7 FG 45 1.7 - 2.5
T8 CG 45 2,3 - 3.4
T9 SG 91 2.3 - 3.4
T10 SG 45 2.3 - 3.4
T11 FA 107 1.1 - 2.7
T12 FA 45 1.7 - 2.5
T13 FA 107 0.5

T14 MA 107 1.1 - 2.7
T15 MA 45 1.7 - 2.5
T16 MA 107 0.5

T17 CA 45 9.0 - 10,1
T18 CS/FS 183 9.0 -~ 10.1
T19 FG/FS 122 9.0 - 10.1
T20 FA/FS 122 9.0 - 10.1

Notes:
Filter Depth : 152 cm

Flow Direction

Type of Water

: Vertical (downflow)
: Fresh (about 0,11% dissolved

solids in the liquid phase )
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on fibrous filter media, (c) 8 tests on nonconventional filter materials
(straw, sawdust, wood chips, and wood shavings), (d) 12 supplementary
tests on granular media (upflow, organic suspended solids, intermittent
operation, and backwashing), and (e} one small series of vacuum filtration
tests. Twenty field tests on granular filter media were conducted at
disposal areas located in Wilmington, North Carolina, (saline water
environment) and Teledo, Ohio, (freshwater environment).

89. The variables controlled during each laboratory tests were
(a) type of water (salt or fresh), (b) nature of suspended solids
(Grundite or kaolinite), (c) concentration of suspended solids (0.l to
10 g/4), (d) filter depth (5 or 8 ft), (e) direction of flow (vertical
or horizontal), and (f) initial flow rate (high or low). The granular
media ranged from fine sand to coarse gravel and from fine anthracite to

coarse anthracite with effective grain sizes, between 0.38 and 5 mm.

D1
The fibrous media consisted of (a) synthetic fibers with random orien-
tation (nonwoven), (b) woven synthetic fibers, and (¢} wire screen.

90. Operating procedures for all tests were relatively consistent
and included (a) the selection of variables, (b) the preparation of
suspensions, (c) the preparation of filter columns, (d) sampling the
filtrate, and (e) the control or measurement of discharge and head loss.
The size-removal efficiency of the filter media was determined by parti-
cle counting, and the mass removal efficiency was determined directly
by gravimetry or indirectly by turbidimetry. For the types of sus-

pensions used, correlations were developed between turbidity readings

and suspended seolids concentration.
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PART IV: DEVELOPMENT OF FILTER CRITERIA

3l. The background investigation presented in Part Il brought into
perspective the necessity for developing filter systems to control the
quality of effluents from dredged material confinement areas, and it
indicated the possible beneficial use of granular and fibrous filter
media as components of mechanized or nommechanized filter systems., Ac-
cordingly, the experimental study described in Part IIT was undertaken
to obtain information on the characteristics and performance capabilities
of various granular and fibrous filter media. Presented in the following
paragraphs are the results of (a) the series of laboratory tests on granu-
lar and fibrous media, (b) various supplementary laboratory studies, and
(c) the field filtration tests, Based on these results, the cbservations
that were made and conclusions that were drawn regarding the character-
istics and performance capabilities of each filter medium are presented
and discussed. Also included are guidelines and criteria that were
developed to allow the optimum utilization of these media as active com-
ponents of filter systems that are incorporated into the operation of

dredged material confinement facilities,

Laboratory Tests on Granular Filter Media

92. A summary of the information obtained from tests on single~
and dual-layer granular filter media 1s given in Tables 17 and 18,
respectively. Thege tables, together with Table 11, provide an overall
description of the conditions under which each test was conducted and
the results that were obtained.

93. The data on head loss and discharge velocity allow the
clogging tendency of each medium to be estimated for particular oper-
ational conditions. Initial discharge velocities were in the range of
rapid sand filters (> 0.1 ecm/sec), except for the fine sand (DlO = 0.4
mm) and dual media with a fine sand layer when tested under a low hy-

draulic head.

94. The mass-removal efficiency was computed either directly by
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Table 17

Results of Laboratory Filtration Tests

on Single-Layer Granular Media

N Type Tnitlal Final | Discharge Removal Ffficiency
:{;ttr of Discharge | Concentration | liead Yelocicy (L) C::#;:?icn:
e Lum Water | Veloelty Less | Reduction p— -1
{emface) {g/t) {cm) %) Hass Size {m )
0.15 <1 164 42 45:99,6 £0-99 2,16
* » 1 169 53 22-71 2550 0.71
Fresh
0.07 <1 28 33 83-99,5 7599 2.02
* > 1 B4 68 6£0-88 50-98 1.55
Fine
Sand ou1s <1 167 49 73-99.9 | 55-95 2,51
. > 1 175 98 40-65 4890 0.46
Salc
6.07 <t 29 13 50-96 50-90 1.56
. > 1 az 50 60-88 52-90 9.81
6.63 <1 141 12 16-85 55-99 0,35
* >1 1710 35 3-34 20-60 0,.1%
Fresh
0.5 <1 28 7 18-28 20-45 0.20
* > 1 66 47 2-R2 15-75 6.21
Coarse
Sand .63 <1 143 28 9-54 2-60 0.26
-6 51 150 57 20-25 18-55 0.17
Sxlt
0.35 <1 27 28 10-36 25-55 .17
* > 1 8] 50 20-25 2047 18
< 1 28 10 5-34 $-50 0,11
] Fresh 0.3% »1 21 5 0-24 0-45 0.10
Fine
Gravel | ocqic|  0.39 <1 30 13 7-51 0-55 0.12
Coarse <1 20 7 0-19% 0-30 004
Graver | Freth)  0-80 >1 12 5 0-15 0-za 0.04
0.40 <1 80 23 20-80 25-60 4.20
- =1 94 11 1-21 O=45 0.10
Fresh
6.21 <1 29 12 15-98 20-95 0,25
Sand : >1 32 10 1-24 0-40 0.11
Gravel
Mixture 0,40 < 1l 84 B 18-92 20-75 0.24
Salt
%3 <1 32 15 21-80 20-75 0,25
0.27 < 1 52 21 62-94 50-85 1.1%
. > 1 47 15 13-47 10-60 0.29
Fresh
0.10 < 1 36 46 59-98 50-98 1.39
- > 1 32 a8 56-90 50-85 0,92
Fine
Anthraclee 0.27 <1 77 1% 47-98 §5-75 1.27
. > 1 10 69 70-85 6095 0.90
Salt
0.10 <l 27 4D 94-99,7 60-98 2,43
0.5 < 1 5% 8 28-75 20-50 0,47
N » 1 48 10 0-15 0-40 0.07
Fresh
0.25 <¥ 17 i} 20-72 20-63 0.61
Medium »>1 15 11 1-80 23-58 0,12
Anthracite 0.57 <1 64 ? 27-69 18-62 0.39
Salt
0.25 <1 29 6 50-95 2567 1.38
< 1 22 9 8-35 0-42 0.17
Freah 0,60
Conree > 1 21 5 0-36 0-40 0,14
Anthraciee| oye | 0,60 <1 14 3 6-32 g-51 0.16

Note: Concentrations designated as < ) indicate tosts eonducted with 0,1 and 1 gfy of

suspendcd solids

Copcontrations designaied aa > 1 indicate tests conducred with 5 and 10 g/g of auupended solids
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Table 18

Results of Laboratory Filtration Tests

on Dual-Taayer Granular Media

. . Type Init{al Final | Discharge Removal Efficiency -
;i;;;; of Discharge | Concentration | Head Velocity {%) Co;;;;:?;ut
Water | Velocity Loss | Reduction b— A )
(em/sec) (g/4) {em) (%) Mass Size (m )
0,00 <1 149 39 27-99 60-99% 0,54/2,12
> 1 130 95 42-75 28-52 0.28/0.72
Fresh
Coarse 0.12 <1 71 20 46-75 15-99 0,40/1.15
Sand : > 1 95 88 33-63 40-98 0,25/1.47
over -
Fine 0. 20 <1 L45 25 56-96 72-98 0.60/2,35
Sand : > 1 140 90 35-80 45-95 0.25/1,18
Salc
0.12 <1 68 45 42-76 63-97 0.37/1.12
.21 < 1 79 28 446-99 50-98 0.28/2.29
‘ > 1 85 29 7-30 28-58 0.12/1.25
Fresh
Fine 0.07 < 1 28 10 81-99 65-9¢ 0.38/2.81
Gravel ' > 1 20 44 7490 37-75 0.21/1,32
over
Fine Q.21 <1 95 18 42-98 62-9%+ 0.37/2.45
Sand Salt
0.07 < 1 25 7 97-99 58-99+ 1.71/3.30
012 <1 a2 15 50-%3 753-99% 1.20/2.50 *
) > 1 91 i0 2-46 50-78 0,25/0.82
i"ine Fresh
Anthracite 0.05 < 1 34 45 97-99 8399+ 1,71/4.11
over - >1 34 33 81-91 80~07 1.01/1,57
Fine
Sand Salt Q.05 < 1 19 25 94-99 87-99+ 2,10/2.45
0.36 <1 45 12 25-58 30-75 0.10/1.18
' > 1 37 14 0-15 10-62 0.10/0.32
Fresh
Fine a.15 < 1 15 5 30-80 25-85 0.18/1.,45
CGravel ' > 1 17 10 1-89 3-78 0.17/1.28
over
Fine 0.36 < 1 62 13 B-47 60-91 0.20/1.02
Anthracite | Salt
0.15 < 1 8 6 15-75 60-95 0.70/1.8%
4 < 1 37 17 22-97 20-92 0,38/2.40
0.2 > 38 15 2-35 10-45 | 0.12/0.42
Fresh
Medium 0.11 < 1 23 27 50-9% 50-98 0.95/2.38
Anthracite ! > 1 27 10 1-24 5-35 0.15/0.67
over
Fine Salt 0.11 < 1 20 9 73-99 63-97 1.05/2.80
Anthracite {

Nete: Concentrations designated as < 1 indicate tests conducted with 0,1 and 1 g/p of suspended solids

Concentrations designates as » 1 indicate tests conducted with 5 and 10 g/p of suspended solids
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gravimetric techniques or indirectly by the mass-turbidity correlations
given in Appendix B, Size-removal efficiency is given as a range of
values for the removal of suspended particles with an equivalent diameter
of about 1.0 to 5.5w, but limiting values do not necessarily correspond
to the removal efficiency for the limiting particle sizes. It is seen
that the ranges of values for mass- and size-removal efficiency are
gimilar for the filter lengths employed.

95. Finally, average values for the filter coefficient, A, are
presented; this parameter is a measure of the efficiency of clarifi-
cation and was computed on the basis that particle deposition in the
filter is a first-order process in which suspended particle concentration

decays exponentially with filter depth according to

—kOL

C = Coe (1)
where C and C0 are the effluent and influent concentrations, respectively;
KD is the initial value of the filter coefficient at time equal to zero;
and L is the filter depth. This relationship has formed the basis of
mathematical models of clarification by depth filtration since 1937, and
it has been validated under a wide range of experimental conditions
(Ison, 1967; FitzPatrick and Spielman, 1973).

96. Because deposited particles alter the characteristics of the
filtration action, the filter coefficient is admittedly not constant
during the filtration process, and various relations have been proposed
to determine its magnitude as a function of the amount of captured
solids (Shekhtman, 1961; Mackrle, Dracka, and Svec, 1965; Maroudas and
Eisenklam, 1965; Heertjes and Lerk, 1967; Ives, 1969; and Herzig,
LeClerc, and Legoff, 1970). However, since the accurate determination
of specific deposit (volume of deposited filter suspension per unit of
bed volume) as a function of time and location along the filter column
is extremely time consuming and relies on the development of largely
untried experimental techniques, limited attention was given to direct
deposit measurement in this study (specific deposit was measured for

only about forty tests).
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97. Appropriate plots of mass ratios for various depths of filter
and times of operation were prepared according to Equation 1 and the
filter coefficients, A, were determined. Although some interpretation
and judgment had to be employed, the computed coefficients are considered
adequate to represent the clarification capabilities of each granular
filter medium, It must be noted, however, that the filter coefficients
presented herein have been computed for the total depth of the filter
medium used in each test. 1t was observed that certain single-layer
media (finer sands and finer anthracites) exhibited higher values of the
filter coefficient for the top 15 te 45 cm.

Clarification characteristics
of single-layer media

98. The evaluation of the clarification capabilities of single-
layer filter media is based mainly on the computed values of the filter
coefficient and Lo a lesser extent on the observed mass and size-removal
efficiencies (as determined by gravimetry and Coulter Counter spectra,
respectively), Presented in Figure 19 is the variation of the filter
coefficient with the effective grain size of the filter medium, and
Figure 20 shows curves that are typical of the variation of the f{ilter
coefficient with time for four different media. The performance chargc-
teristics of granular media for different flow patterns (horizontal and
downflow} and for different types of suspended solids (kaolinite and
Grundite) are summarized in Figure 21 and 22, respectively. The filter
coefficient values plotted in these figures represent average values for
which the variation can be assessed by use of Table 17.

99. Based on the available results, the following observations
regarding the clarification capabilities of single-layer granular media
can be made;

2. The mass-removal efficiency of a filter medium with an
effective grain size larger than 2,0 mm for sands and
gravels and 3.5 mm for anthracites is very low. For
example, according to Equation 1, to achieve a 66 percent
efficiency a filter depth of 11 meters is required for a
gravel with D,, = 2 mm and a depth of 6.5 meters is re-
quired for an anthracite with D, = 3.8 um. There is
practically no dependence on the type of water, type of
suspension, and concentration,
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The removal efficiency of sands with D, = 1 mm is limited.
For example, to achieve a 66 percent e%giciency, a filter
depth of 2.5 meters is required.

Sand filters with D;45 < 1 mm have good to excellent re-
moval efficiencies, even with shallow filter depths, but
their tendency to clog rapidly limits their usefulness
as filter media.

Because of high angularity and more platelike grains,
anthracites have a substantially higher removal efficiency
than sands or gravels with the same effective grain size;
accordingly, anthracite filters with Dig = 2 mm and

Dig = 1 mm require depths of 1.6 and 1.8 meters,
respectively, to achieve a 66 percent reduction in sus-
pended solids.

Very interesting and somewhat unexpected is the fact that
the behavior of sands and gravels in either saline or
freshwater environments is the same for all practical
purposes.

The behavior of anthracites is better in saline than in
freshwater enviromments, Filter coefficients are about
50 percent higher for saline water environments, but this
difference tends to disappear with increasing effective
grain size and is virtually nonexistent for sizes larger
than about 4 mm, thereby suggesting the unimportance of
water chemistry on the collection process for coarse
filters.

In general, the filter coefficient for sands reaches a
maximum value quickly (in a matter of 1 to 2 hours) and
gradually decreases to a constant value (for the next
several hours at least), For fimer sands (D,, = 0.4 mm),
however, this is not always the case; the fi}ger coef-
ficient may increase for long periods.

Anthracites attain the maximum value of the filter coef-
ficient at the beginning of the operation, and the value
stabilizes after about 2 to 4 hours.

The performance of sands and gravels in filters with
either horizontal or downward directioms of flow is about
the same. The efficiency of anthracites is substantially
reduced during horizontal flow.

The different types of suspended solids (relatively stable
inorganic clays) produced similar efficiency for all
granular media. For Grundite suspensions the media have
slightly lower filter coefficients than for kaolinite
suspensions, although Grundite is a coarser suspension.
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Clogging characteristics
of single-layer media

100. The clogging tendency of the granular media is reflected by
the change in discharge velocity (or permeability) during operation. The
final head loss across the filter relative to the overall head under
whichh the filter operated alse gives an indication of the extent of
clogging. The following observations are based on the velocity and head
loss data that are summarized in Table 17;

a. Gravels (D 0~ 2 mm} do not c¢log readily and can retain

their initial permeability for long periods of time
(weeks or possibly months) under light or heavy loads of
suspended solids (0.1 to 10 g/4); hence, they might serve
as ideal roughing filters.

|z

Coarse sands (Dyy ~ 1 mm) manifest fast clogging for
heavy loads of suspended solids (more than 1 g/&), but
they can function well for moderate time perioeds (up to
a few days) under light suspended solids loads (less
than 1 g/i).

c. Finer sands (D,n ~ 0.4 mm) suffer rapid clogging for
practically any load of suspended solids; they apparently
retain their operating efficiency for periods longer than
a day only with suspended solids loads on the order of
0.1 g/& or less.

d. Under comparable operating conditions, anthracites can
function effectively for time periods that are similar
to those experienced for sands and gravels.

e, As tested, the anthracites had significantly greater
porosity than the sands or gravels (0.43 to 0.44 and
0.33 to 0.35, respectively); therefore, they had higher
throughput rates under similar hydraulic heads,

Performance of dual-laver media

101. The assessment of dual-layer media is based on the results
summarized in Table 18. The filter coefficient for each combination of
media consists of two numbers corresponding to the first and second
layer in the direction of flow, and the following observations can be
made :

a. For loads of suspended solids less than 1 g/#, all dual-
layer media show good to excellent removal efficiency;
for higher loads of suspended solids, the efficiency
decreases, but not significantly.

93



&

For the case where fine sand was the bottom layer, the
top-layer media show better efficiency and higher filter
coefficient values than when tested as single-layer media;
however, this should be attributed to the fact that, due
to the existence of a sand layer with relatively low
permeability, the flow rates were smaller and more time
was allowed for interaction between filter grains and
suspended particles,

¢. For moderate loads of suspended solids (< 1 g/&), the
development of clogging is much slower in dual-layer
media than in single-layer filters of the same media;
this can be attributed to a more uniform distribution
of retained solids along the depth of the dual-layer
filter.

d. As expected, the combination of the best performing
single-layer media (fine anthracite and fine sand) yields
a dual-layer filter that has excellent removal efficiency
(up to 99 percent) and a longer effective lifetime than
any one of the components alone operating under a similar
hydraulic head; similar improvement in performance is
observed for the other dual-layer media.

Supplementary Studies

102, A limited number of supplementary tests were conducted to
examine additional filter design and/or operating conditions. However,
in view of the exploratory, rather than comprehensive, nature of these
tests, caution should be exercised in extrapolating the observations,
results, or conclusions of these tests to other than the specific test
conditions,

Suspended organic matter

103. Fine and coarse sand and fine and medium anthracite filter
media were used to determine the effect of suspended organic matter on
the performance of granular media (Table 13), Waste activated sludge
was employed for lack of a readily available fine organic particle sus-
pension; but, even with a highly agitated suspension, particle sizes
were still as large as 1 mm in diameter. After about one hour of oper-
ation, flow through the filter had practically stopped, and a cake about
1l to 1.5 cm thick had formed on the surface of the media, Since the
sizes of the sludge particles were up to orders of magnitude larger than

the sizes of the inorganic kaolinite or Grundite particles used in the
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basic series of laboratory filtration tests, this surface cake was due
largely to the gravity settling of sludge particles on the filter face,
In this particular case it appears that the surface of the media was
quickly clogged by capturing large-size organic particles and acted
thereafter as a surface strainer to retain the majority of the inorganic
particles. It can therefore be concluded that, for influents with very
high concentrations of coarse suspended volatile solids (about 2 g/i),
the granular media tested will have a very short operating cycle or de-
sign life and will not operate as a depth filter. However, surface fil-
ters may use this rapid surface clogging phenomenon to advantage.
Upflow

104, Table 19 summarizes a series of tests that were conducted on
four granular media in upflow and downflow modes with all other vari-
ables (water type, suspension concentration, available head, and filter
depth) remaining constant. The performance observed for each filter
medium was found to depend substantially on the direction of flow: spe-
cifically, for the four filter media tested (a) the mass-removal
efficiency ranged from 10 to 70 percent for downflow and from 70 to 95
percent for upflow; (b) the change in discharge velocity after an eight
hour run ranged from 10 to 58 percent for downflow and from 75 to 99 per-
cent for upflow; (c¢) the distribution of retained solids along the fil-
ter was more uniform for upflow conditions; and (d) all filter media had
practically clogged after 8 hours of operation in upflow conditions. It
may therefore be concluded that, for the filter media tested, upflow
conditions will improve substantially their mass-removal efficiency and
increase the need for more frequent backwashing (or shorten the filter
life in the absence of periodic cleaning).

Intermittent operation

105. As described in Table 13, two types of sand (D10 = 0,4 and
1.0 mm), and two types of anthracite (D10 = 0.8 and 1.8 mm) were tested
under condition of intermittent operation. During the first 8-hour
period of operation, the mass removal, head loss development, and re-
duction in discharge velocity followed patterns similar to tests T1V10,
T2vV10, T6V10, and T7V10 (Table 11), which had identical filtration
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Table 19

Comparison of Results from Upflow and Downflow Tests

Mass Removal Change in Discharge
Test Filter Head Efficiency Velocity
(%) (%)

Number Med ium (cm)

Upflow [Downflow| Upflow | Downflow
T1V14 Fs 107 95 70 99 43
T2V14 cs 107 70 16 90 10
T6V14 FA 45 92 70 75 58
TIV14 CA 45 83 25 75 11

Notes; Type of Water : Fresh
Suspension : Grundite

Concentration : 5 g/f
Filter Depth : 152 cm

Table 20
Results of Backwashing Granular Filter Media

Filtration Test Backwashing
, . Removed
Filter Direction E3t1mFtEd Average Estimated Percentage
Retained Discharge Mass
Nedium of Flow Mass Velocit Removed of
Y Total Mass
() (em/sec) (g)
cs Upflow 250 3. 115 46
FA Upflow 280 3.1 170 60
FA Dowmflow 210 2,8 105 30
CA Upflow 260 3.8 162 62
CA Downf low 130 2.8 55 42
Notes: Type of Water : Fresh
Suspension : Grundite
Concentration : 5 g/}
Table 21

Results of Laboratory Tests on Nonconventional Filter Media

Mass Removal Time for
Material Efficiency Clogging Remarks
(%) {hours)
Hay 76 to 82 3.5 Yellow-brown filtrate
Sawdust Unable to determine 0.25 --
Wood Chips 73 to 91 3.0 Brown-yellow filtrate
Wood Shavings 75 to 85 1,0 Yellow filtrate
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conditions; this provided a good measure of the repeatability that was
experienced, During the second and third periods of operation, the dis-
charge velocities continued to decrease, and the fine sand filter could
not even be operated for the third period because of complete clogging.
Removal efficiencies for the second period of operation were inconsistent,
and for the third period they were sometimes even negative (i.e., the
effluents contained more suspended solids than the influents).

106. Based on these observations, it was concluded that, for
highly concentrated influent suspeénsions (5 g/l or more), the performance
capabilities of the media tested do not improve with intermittent oper-
ation. It was hoped that a possible cementing of the deposit would take
place under the partially saturated column conditions, but perhaps the
rest period employed was too short. If the particles had been organic
in nature, a rest period of perhaps two weeks would allow a microbial
flora to unclog and rejuvenate the pores, as is commonly done in slow
sand filters, but this benefit could not be expected in the case of
filter influents composed of inorganic particles such as clays, since
they are not substrates that can be degraded by microbial hiota.
hackwashing

107. A number of filter media were backwashed with tap water under
pressure to fluidize the bed, and the results obtained are summarized in
Table 20. 1In general, about one half of the deposited volume of solids
retained by the filter was removed with relatively high backwash rates
(3 cm/sec)., DBackwashing was continued until the clarity of the effluent
was visually established,

Nonconventional filter media

108. The results obtained from the laboratory filtratiom tests on
nonconventional media (hay, sawdust, wood chips, and wood shavings) are
summarized in Table 21. It is observed that (a) the mass-removal
efficiency is very good (on the order of 70 to 90 percent); (b) the
materials clog fast (15 minutes for sawdust to 3.5 hours for hay);

{(¢) the effective service life of these media is substantially shorter
than that for granular media under the same operating conditions (10 g/h

Grundite suspension in fresh water and constant head ranging from 100
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brown), which may render them unacceptable for release to open waters.
For sawdust and wood shavings (fine, tightly packed materials) face,
rather than depth, clogging occurred, and it is believed that coarser

sawdust or shavings would exhibit a much better performance.

Fibrous Filter Media

109, The performance capabilities of seven different fibrous
media were evaluated by a series of laboratory filtration tests. The
particular materials, equipment, test procedures, and range of variables
investigated are described in Part III, together with a list of all tests
conducted, and only the results of this test series and the conclusions
drawn therefrom are presented herein. The major results obtained from
tests of single-layer fibrous media are presented in Table 22, which
summarizes the suspension type, concentration of suspended solids, water
chemistry, discharge, head loss, flow time, and integrated removal
efficiency for each test,

110, Basically, three parameters were used to evaluate the
clogging and/or blinding tendency of a given filter medium: (a) the
run duration; (b) the reduction in discharge velocity; and (c) the rate
of head loss increase across the filter medium, The removal efficiency
of each material was described as mass removal (gravimetric determi-
nation) and size removal (particle number count determination). Mass
removal was determined for a limited number of samples taken during
each test and the value reported in Table 22 is the average of the values
obtained for a given test. Size-removal efficiency is given as a range
of values for particle sizes between 1.0 and 5.5p, but limiting values
do not necessarily correspond to the removal efficiency for the limiting
particle sizes.

111. The literature contains reports of limited efforts to
develop a system of indexing that would facilitate a prediction of the
behavior of an arbitrary fibrous medium. Recently, Rushton (1972a,

1972b) proposed a methodology to predict the clogging behavior of woven
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Table 22

Results of Laboratory Filtration Tests on Fibrous Media

Filter Type Burat{on | Bischarge Velocity tiead Loss Removal E(ficien;"b‘il[erability
Suspension| of | Concentration | ° T®%% (em/sec) femy [43] ‘ Index
Medium Rater &/1) (hours) | Tnitial | % change | Tnicial T Final Mass Size (16
Fresh 1 4.5 L,46 40 1.56 - 2 ND 7
10 6.0 146 80 3,30 4,83 HD 17-40 14
Kaolinite
salt 1 4,0 1,46 45 1,02 2,54 4 10-17 5
10 3.0 1.46 93 1,52 4,06 ND 11-20 a2
A SFR - - - 1
Prash 1 7.0 1.46 59 2,03 &,89 9 0-8 8
1o Ic - - - — — - —
Grundite
salt 1 5,5 L.46 a8 2,54 5.84 i4 21-31 2t
10 e — — — - _ — _
4 _
Fresh 1 2,0 .46 95 1,05 7,87 20 29-51 82
10 2,0 1.46 93 2,29 10,16 WD 0-36 150
Kaolinite
salt 1 6.5 1.46 87 4.57 8.38 N 0-16 27
10 5,0 1,46 an 4,83 7.87 19 9-28 17
B SFR fomn -m—e _ - —
1 6,0 1.66 87 7,87 11,43 5 12-35 a4
Fresh y
10 I1s — - — — —
Grundite
salt 3 3.9 1.48 9 12,45 16,00 29 0-1% 162
3] T8 —_ — _ — — — —
Frosh 1 3,0 2,05 17 23,88 26,67 16 2-20 64
10 4.0 1.46 32 14,44 14,48 3 1-26 32
Kaolinite
Salt L N
10 tc — | — — - — - -
C S5W - - — ¥ - - e
Fresh 1 4.0 1,46 a2 13.72 - 10 1-8 27
' 1] NT
Crundfte
1 4,0 1.46 46 11,18 - 15 )] 22
salt 10 1c - — _ - = _ —
B} 1 0.5 1.46 92 16,76 24,64 6 0-9 1926
Fresh s
10 Ic — —_ -— -— _ —_ —_—
Kaolinite
. L NT
Sait 10 ¢ — - — — — — —
D SFW T— - .
[ 1 1c - — - - — -— —
Fresh o 1 - - o - - - -
Grundite
1 NT
falt 1o 1 - _ _ _ _ o _
Fresh ! e - - — r - - - -
i} 10 ¢ — — — - — — —
Kaalinice |
o 1 KT
Salr [ 10 1¢ _ ;. o . _ . _
E SFW : I
- 1 1t — — _. — — _ _
Fresh 10 Ic — — — — - — -
- 1 NT
Salt 10 1 _ - . _ _ _ .
S— 1 - i
1 NT
Fresh o 3.0 1,46 90 1.52 2.79 8 7-30 14
Kaolinite
Salt ! Hr
10 2,0 1,46 91 4.57 6,10 13 10-27 62
F StV
1 z.0 1.46 92 4,57 7.37 12 8-16 107
Fresh
14 ic — — — — — — —
Grundite
L NT
Salt 10 L o . . J o _ _ _ _
_
1 2.0 1.46 91 4,57 8.38 4 0-25 35
Fresh
10 NT
Kaolinite
Salt ! uT ,
HY 67 1,46 90 42,16 43.69 25 4-37 1674
G sP R o
. i NT
Fresh 10 e — * o o i . .
Grundite
1 NT
Salt 10 e . -~ o _ _ _ .
L L

Notes: 1C = Lmmediate (logging ND = Not Determinable NT = Not Tested
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fibrous media. However, this methodology applies only to media with
standard pore configurations (size and weave pattern), and it can not

be applied to nonwoven cloths that have randomly oriented fibers with no
standard pore sizes,

112, Because nonwoven cloths exhibited the best performance in
this experimental program, Rushton's technique for evaluating the per-
formance was not adopted. Instead, a simple formula was used to obtain
a number that described the performance of each medium. TIves (1971)
reviewed the concepts underlying the filterability indices that have been
proposed during the past 30 years to describe gramular filter performance.
Although none have found wide applicability or acceptance, an index
originally proposed by Hudson (1959) has been developed to the point
where a commercial device marketed in the United Kingdom was designed to
determine this filterability index, FI, which is given by

F1=%—(—; (2)
where H is the head loss across a granular layer; v is the discharge
velocity; t is a certain time period; and C and Co are the effluent and
influent concentrations, respectively.

113, 1t can be seen that FI is dimensionless and independent of
filter depth. High (poor) values are obtained for high head loss or
poor filtrate, and low (good) values result for high flow rates, long
run times, or low effluent concentrations. Although Hudson's filter-
ability index was originally developed for granular media, its appli-
catjon here to fibrous media (Table 22) yielded FI values that were
consistent with the performance of each medium, as described by the
values of other parameters listed in Table 22. However, these numbers
should be considered only as a guide to the performance of a given filter
medium; they do not yield information on the time variation of efficiency,
blinding versus cake build-up on the medium, or the nature of the break-
through (if it occurs). B
constitute an effective basis for rapidly comparing various filter media

or operating conditions. In Figure 23 the size-removal efficiencies
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obtained for the nonwoven synthetic fiber media (A-SFR and B-SFR) are

plotted with data obtained by the manufacturer (Monsanto, 1974).

114. Based on the results presented in Table 22 and Figure 23,

the following observations can be made.

Synthetic nonwoven fibrous media

a.

o
L]

=7
-

Wire screens

Synthetic woven

These media generally showed the best overall behavior
of any class of fibrous media tested. For run durations
ranging from 2 to 7 hours, the mass-removal efficiency
was found to range from 2 to 29 percent and the size-
removal efficiency for 1.0 to 5.5p diameter particles
ranged from nil to 56 percent.

The Monsanto EZB cloth (A-SFR) normally had longer runs
before clogging, smaller head loss build-up, slightly
lower removal efficiencies, and significantly smaller
filterability index values than the Celanese Mirafi
(B-SFR),

Neither medium performed well with suspensions having
high influent solids concentrations. Immediate clogging
was experienced for Grundite suspensions, and the per-
formance was even poorer for kaolinite suspensions (indi-
cated by high filter number),

For low concentration suspensions, the performance of
both media was good without regard to suspension type or
water chemistry.

Based on values of the filterability index, the per-
formance of the wire screen tested (5y opening size)
appears to be similar to that of nonwoven synthetic
fiber media for similar test conditioms,

Immediate clogging was experienced for high concentration
suspensions.

At low concentrations the mass-removal efficiency was
about 15 percent and the size-removal efficiency ranged
from 1 to 26 percent. The rate of change in flow rate
with time was much smaller than for nonwoven media and
there was no appreciable increase in head loss with time.

fibrous media

a.

o

In general, all four media tested had poor performance
(immediate clogging or very short run time) under all
conditions of suspension concentration and water chemis-
try.

Medium F-SFW (National Filter Media, pore size of 50u)
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can be considered an exception for the case of kaolinite
suspengions, for which it had a mass-removal efficiency
of 8 to 15 percent and sustained a run time of 2 to 3
hours.

Multiple-layer fibrous media

115, Synthetic, nonwoven fibrous media in multiple {three and
five) layers were tested using 1 g/4 Grundite suspension in fresh water
at initial flow rates of about 1.4 cm/sec. The Monsanto cloth (Medium
A-SFR) clogged quickly (the duration of the tests was about 0.2 hours),
but it had a very high mass-removal efficiency (about 80 percent). The
Celanese cloth (Medium B-SFR) clogged less rapidly (the duration of the
tests ranged from 0,5 to 1 hour), but it had a substantially lower mass-

removal efficiency (about 12 percent).

Field Filtration Tests

116. The results obtained from the field filtration tests on
single and duval-layer granular filter media are presented in Tables 23
and 24 and in Figure 24. More detailed information concerning the test
conditions is given in Tables 15 and 16, The methods adopted to summa-
rize and interpret the data were similar to those used for the laboratory
tests, and the following observations are made on the basis of these

results:

a. As indicated by the values of the filter coefficient,
sands or gravels and anthracites with effective grain
sizes of 2,0 and 3.5 wmm, respectively, have very low
removal efficiencies and consequently very limited
clarification capabilities.

b. Removal efficiency improves with decreasing effective
grain size and becomes excellent for fine sand and fine
anthracite; however, for the tests in a saline water
enviromment (MOTSU), the efficiency is low, even for the
fine-grained filter media.

c. Anthracites have a higher removal efficiency than sands
or gravels of the same effective grain size. This dif-
ference is substantial for the freshwater tests, but it
is less pronounced for the saltwater tests.

d. Observations (b) and (c) are quite unexpected; for simi-
lar types of suspended solids, it would be expected that
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Table 23

Results of Field Filtration Tests at Penn 7

Test |Filter Effective | Duration Discharge Velocity Removal Filter
Grain Size| of Test (cn/sec) Efficiency | Cocfficient
Number | Mediun [§.)] {hours) Initial Final 7 Change (%Y (m‘l)
Tl FS 0.38 2.0 0.14 0.01 93 75-90 1.30
T2 F§ 0.38 4,0 0.07 0.01 85 95-99 2.10
T3 FS 0,38 4.5 0.10 0.07 30 90-99 2.5
T4 cs 1.0 4.0 0.34 0.01 97 20-25 0,70
5 cs 1.0 2.5 0.20 0.01 95 20-50 0.40
T6 cs 1.0 4.5 0,36 0,32 11 40-50 0.40
T7 FG 2.0 4.5 0.41 0.41 o 10-15 0,11
T8 cG 5.0 4.5 0,78 0.71 9 0-10 0.04
9 5G 1.0 4,5 0,48 0.37 23 5-30 0.10
T10 5G 1.0 4.5 0.24 0.16 33 10-20 0.10
T11 FA 0.85 4.0 0.31 0.03 90 60-90 0.90
T12 FA 0,85 4,0 0.14 0.03 79 90-95 2,00
T13 FA 0.85 4.5 0,20 0.19 5 50-90 0.8G
T4 MA £.80 4.0 0.37 0,27 37 20-40 G.30
T15 MA 1.80 4.0 0,22 0.21 5 20-80 0,40
T16 MA 1.80 4,5 0,34 0.33 3 3G-80 ¢.52
T1? cA 3.80 4.0 0.47 0.46 2 0-10 0.02
T18 CS/FS 1,0/0,38 1.0 0.20 0.01 95 - -
T19 FG/FS | 2,0/0.38 1.0 0.23 0.01 96 - -
T20 FA/FS |0.85/0.38 1.0 0.18 0,01 94 - -
Table 24

Results of Field Filtration Tests at MOTSU

Test | Filter Effective |Duration Discharge Veloclty Removal Filter
Grain Size | of Test (cm/fsec) Efficiency |Coefficient
Number | Mediun {mm) {hours}) Initial Final % Change [¥3) (m-l)
w1l FS 0,38 5.5 0.12 0.06 50 60-65 0,65
w2 cs 1.0 5.0 0.35 0.23 33 35-30 0.33
LE] [} 1.0 5.0 0,16 0.03% 78 45-55 0.45
w4 FG 2.0 4.5 0.82 0.82 4] 5-10 0.06
ws FG 2.0 5.0 0.40 0,40 ] 30-40 0.25
w6 sc 1.0 5.5 0.62 0.59 4 20-25 0.17
Lk SG 1.0 5.0 0.25 0,20 20 25-30 0.27
w8 Fa 0.85 5.5 0.21 0.20 5 35-50 G.42
w9 FA 0.85 5.0 .08 0.04 50 50-60 0,61
w10 MA 1.80 5.5 0,40 0.40 1] 30-40 0,32
w11 MA 1.80 5.0 0.22 0.1 27 30-35 0.30
w12 cs/F5 | 1.0/0,38 4.5 0.1 0.14 3 80-85 0.80,2,00
w13 FG/FS | 2.0/0.38 5.0 0,22 0.17 23 70-80 0,40,1,50
Wl FG/FS 2.0/0,38 4.5 Q.08 0.04 50 80-85 0.40,2,00
w15 FA/FS | 0.85/0.38 5.0 0.19 0.18 5 60-85 2,00,1.20
wié FA/FS | 0,85/0.38 4.5 0,05 0.0% 40 15-90 1.50,1,50
w17 FG/FA | 2.0/0.85 5.0 0.58 0.58 Q 25-50 0.16,0.50
w18 FG/FA | 2.0/0.85 5.0 0,17 0.09 &7 45-80 0.10,0,70
w19 MA/FA | 1.80/0.85 5.0 0,31 .31 o 60-70 0,20,0.65
W20 MA/FA | 1.80/0,85 5,0 0,16 0.08 50 60-80 0.65,0,70

Note: For tests W12 through W20 (dual layer media) the filter cocfficients given corrcspond
to the top and bottom layer respectively.
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media tested in a freshwater environment should have lower
filter coefficient values than when tested in a saline
water enviromment. The observed reverse pattern can
possibly be explained by the difference in the water en-
viromments used for the laboratory and the field tests

and by the fact that the suspended solids in the fresh-
water field envircomment were larger in size and had a
different surface chemistry than those in the saltwater
environment.,

e. Higher overall hydraulic heads and consequently higher
discharge velocities result in lower mass removal
cfficiencies, especially for the fine-grained media
(sometimes there is as much as 50 percent reduction),

f. For high concentrations of suspended solids (2 to 10 g/4),
the fine and coarse sand, the fine anthracite, and all
dual-layer media tested clogged quickly; the discharge
velocities were reduced by more than 90 pexcent in a
period of 1 to & hours, and a cake about 0.5 to 1 cm
thick formed on the top of the filter.

g. Except for the above-mentioned cases, media tested did
not show clogging tendencies for either high or low loads
of suspended solids.

=

For low concentrations of solids (< 1 g/4), the dual-
layer media showed high removal efficiency and low
clogging tendency.

Comparjison of Field and Laboratory Results

117. The objectives of the field filtration tests were to evaluate
the field performance of grainular media that were tested in the laboratory
and to provide guidance for extending the findings of the laboratory tests
to the design of filter systems for disposal area supernatants. As ex-
plained in Part 111, the field suspensions were different from those used
in the laboratory tests. Whereas the laboratory suspensions consisted
only of nonvolatile suspended solids with concentrations ranging from
0.1 to 10 g/4 (except for a limited number of tests in which a large
amount (2 g/&) of organic matter was added to the suspension), the compo-
sition and concentration of the field suspensions were dictated in large
part by the operating conditions at the time of the tests. In summary,
nonvolatile suspended solids varied from 0.5 to 10 g/4 and volatile

suspended solids varied from 3 to 6 percent of the total solids on a dry
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weight basis.

A careful review of the results of the laboratory and

field filtration tests allowed the following observations to be advanced:

a.

118, The

The clarification capabilities exhibited by the granular
media, as judged by their removal efficiency and filter
coefficient, were similar for both field and laboratory
tests.

Coarse media (gravels with D, > 2.0 mm and anthracites
with Djy > 3.5 mm) did not show any tendency to clog in
either field or laboratory tests.

For low concentrations of suspended solids (< 1 g/&), all
of the finer media exhibited similar clogging patterns,
with clogging taking place slightly faster in the field
tests,

Fine sand, fine anthracite, and dual-layer media that had
fine sand or anthracite as components clogged much faster
in the field than in the laboratory.

The difference in clogging behavior for the finer granular
media can be explained by considering the organic content
of the suspensions. Organics, having larger dimensions
than suspended nonvolatile solids, were captured quickly
by the filter media and, as a result, the top layer of

the medium clogged and acted as a surface filter rather
than as a depth filter. It is believed that geometric
factors, such as straining or pore blocking, are more
significant than surface chemical factors in the capture
of large-size suspended organics,

Filter Media Design Concepts

performance characteristics and capabilities of a number

of granular and fibrous filter media were determined with the help of an

extensive experimental study, and the results presented herein lead to

the following guidelines and criteria for the use of such media as com-

ponents of filter systems for supernatants from dredged material disposal

areas. Quantitative details on the performance of filter systems will

be presented in the following parts.

a.

For a given effective grain size, Dyg, the following
equations can be used to estimate the fiiter coefficient
(see Figure 19):

Sands and Gravels: A\ = 0.40 D-l'84

10 (3a)
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fa N

-1.84

Anthracites: h=1.66 D10

(3b)

where DlO is expressed in mm and A is found in m-l.

For a known filter coefficient and removal efficiency,
Equation 1 can be used to estimate the required depth of
filter.

Sands or gravels and anthracites with effective grain
sizes larger than about 2,0 and 3.5 mm, respectively,
should not be used for clarification purposes, but
rather as roughing filters to dissipate some velocity
head and provide crevices for trapping large, light
particles.

Sands and anthracites with effective grain sizes ranging
from 0.8 to 2,0 mm and from 2.0 to 3.5 mm, respectively,
can be used effectively for clarification only when large
filter depths are employed. For example, to achieve a 90
percent removal efficiency, a filter composed of a sand
with an effective grain size of 1.5 mm should have a
depth of 12 meters; for an anthracite with an effective
grain size 3 mm, the filter depth should be 10 meters.
Although these media can be used to clarify waters with
low concentrations of suspended solids (0.1 to 1 g/4),
high loadings should be avoided.

Sands and anthracites with effective grain sizes smaller
than 0.8 and 2.0 nm, respectively, have good clarifi-
cation capabilities. The filter depth necessary to pro-
duce effluents of a desired quality can be estimated
easily by entering values for the filter coefficient, A,
obtained from Figure 19 into Equation 1. For heavy loads
of suspended solids, these materials will require fre-
quent or continuous cleaning by backwashing or other
methods, and thus their applicability to filter systems
requiring little or no maintenance appears to be limited
without high capital investment. However, these media
are considered to be the most promising candidates for
use as components of mechanized or nonmechanized depth
filtration systems,

For cases where disposal area supernatants contain large
amounts of suspended volatile solids, fine-grained granu-
lar media can be used as slow sand filters in which bio-
logical action is promoted in a "Schmutzdecke' layer that
is periodically renewed by allowing the filter to lay
idle, Such filters require periodic maintenance of the
top layer.

Dual-layer granular media composed mainly of fine and
coarse sands and fine and medium anthracites can be
used very effectively to clarify low concentration sus-
pensions. For high concentration suspensions, however,
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clogging will likely be pronounced and backwashing schemes
will be necessary.

Fibrous media, in general, should be used as components of
mechanized systems that provide for continuous cleaning

of the surface of the medium. As an exception, nonwoven
synthetic fiber media (like the Monsanto E2B cloth) can

be used in nonmechanized multi-laver systems for low con-
centrations of suspended solids, and they may also be
incorporated into a self-cleaning filter design.
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PART V: CONCEPTS FOR FILTERING SYSTEMS

119. Virtually all conventional granular media filtration units
are mechanized to a large extent. The mechanization, which may vary
widely in the degree of complexity, consists of means for pumping feed
waters, controlling flow rates, and cleaning the filter media; and these
mechanisms result in substantial initial capital investment, as well as
operating and maintenance costs. Conventional granular media systems
often require as much as two-thirds of the total amortized capital, main-
tenance, and operation costs for pumping, valves, and other instrumen-
tation requiring only negligible power. Conventional systems also require
adequate facilities for the disposal of wash waters.

120. Nommechanized granular media filtration systems appear to be
a promising alternative for the clarification of disposal area super-
natants. A few such systems have been designed (see Part II) and con-
structed, but their performance has been poorly documented (if at all);
designs were highly empirical and usually had little or no rational
basis, Described herein are three different systems that appear to be
applicable to the filtration of effluents from dredged material disposal
areas: pervious dikes, sandfill weirs with or without backwash, and
granular media cartridges. The information provided for each system
includes (a) filter media, (b) system configuration, (c) operating con-
ditions and performance capabilities, and (d) guidelines for the design

and operation of the system.

Pervious Dikes

121, The vast majority of disposal area confinement facilities
are formed by enclosing a tract of land or a portion of a lake or harbor
by a dike. It is therefore appropriate to consider the development of a
filter system in the form of a pervious dike that, if properly positioned
and dimensioned, could effectively clarify disposal area supernatants.

Filter design concepts

122. 1In the conceptual development of a pervious dike, the
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following limitations should be taken into consideration:

a. If the system maifunctions (that is, if it does not pro-
duce the required quality of effluents), corrective
measures, if possible, are extremely expensive.

b. There should be no face clogging of the filter media;
removed suspended solids should be distributed through
the depth of filter medium. Although Trzaska (1972) has
developed a strategy to select a media distribution such
that a uniform deposit is guaranteed, the method has been
applied only to the design of industrial filters,

¢. The dike must not clog or lose its efficiency before the
design life of the disposal area has been exhausted.

d. A pervious dike is not a vreusable filter,

123. Since the main disadvantage of {ine-grained material is rapid
clogging, pervious dikes should use coarse-grained deep beds that have
low clarification efficiency per unit depth (that is, a low filter coef-
ficient) but maintain high permeability throughout the filter life;
longer depths must be used to provide the needed clarification. The key
to the success of the system is to select a media size that will not
face-clog or lose its ability to achieve the required clarification
before the design life of the containment facility is reached.

124, Alternative designs., Pervious dikes can be designed in a

number of different ways, two of which appear to be the most promising
for the purposes outlined herein. ¥Figure 25a shows a dike that is con-
structed totally of the selsucted filter medium; it is equipped with a
strong drain at the outside toe; and its slopes are protected with layers
of gravel and riprap. Figures 25b ana 25c¢ illustrate dikes utilizing
impervious layers to guide the flow of water or impervicus sectors to
prevent short circuiting, It is desirable that a pervious dike operate
under a hydraulic head that is as high as the size of the dike allows,
because the highest possible hydraulic gradients are realized for such
a condition and the highest possible flow rates are achieved. However,
if care is not taken, such an operating condition will contaminate all
of the filter medium with retained solids during the first operating
cycle of the dike (say, the first dredging season), and this might

seriously impair retention efficiency during the remaining intended
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{c) Baffled Section

Figure 25, Pervious Dikes
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life of the dike and its associated containment facility. Therefore,
two alternative solutions are suggested as modifications to the dike
shown in Figure 25a,

125. Figure 26 shows a dike whose inside slope is covered with a
durable, hard, impermeable material. This arrangement allows the full
head to develop while the flow takes place only through a portion of the
dike (the lowest portion for the first operating cyecle, and incrementally
higher portions for subsequent operating cycles). For subsequent oper-
ating cycles, the impervious covers can be removed to expose clean layers
of filter medium. In Figure 27 an alternative configuration of imper-
meable covers is suggested. In this case the flow will pass through the
entire face of the dike, but only certain portions in the longitudinal
direction of the dike will be used during each operating cycle.

126, The design concepts presented in Figures 25b and 25c¢ have
the potential to allow different layers of the filter medium to be used
at different times, but under such conditions the highest possible hy-
draulic head can not be used without contaminating all of the filter
medium. However, this design could be incorporated with the designs

UL I T, U SOUN B
i lmpermcdble Darpler

.

shown in Figures 26 and 27 so that variable lev
could be used to maximize the operating head. It can therefore be con-
cluded that modifications such as those presented in Figures 26 and 27
offer the most promising designs for a pervious dike,

127, Filter media. Dikes for disposal areas are seldom built with

heights less than 2 to 3 m (6 to 10 ft) and, with appropriate consider-
ation for slope angles and crest widths, filter depths up to 10 or 15 m
(33 to 50 ft) can be provided, To achieve a 99-percent removal ef-
ficiency with a filter depth of 10 m, 4 sand with an effective grain

size gbout 1 mm is required (see Figure 19). Sands of this size or
larger have exhibited no surface clogging pattern for influents with
concentrations of suspended solids less than 1 g/4. Although anthra-
cites with smaller filter depths can provide removal efficiencies equal
to those of sands, given the adequately large filter depths available in
pervious dikes, it should not be necessary to use the much more expensive

anthracites.
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Exposed Filter Surface

Figure 26. Pervious Dike with Multi-Tayered
Impervious Cover

- Sealed Poriion of Filter Surface
Newly Exposed Silter Surface
Partially Clogged Filter Surface

(c) Final Stage

Figure 27, Pervious Dike with Single-~Layered
Tmpervious Cover
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128. However, the selection of filter media can not be based
only on the injtial removal efficiency, but it must take into account how
this initial efficiency changes with time of operation. With this infor-
mation it is possible to estimate the expected holding capacity and thus
the design life of the filter. It was observed that sands and anthracites
with effective grain sizes larger than 2 and 3,5 mm, respectively, do not
show clogging tendencies, even for high concentrations of suspended solids
(5 to 10 g/f). TFor experiments with sands and anthracites of smaller
sizes, signs of clogging or loss of efficiency were observed when the
average specific deposit values became larger than about 0,15 and 0.3,
respectively; these specific deposit values are expressed as grams of
deposit per gram of filter medium, rather than volume of deposit per
volume of bed.

129. Assuming that the in situ density of sands and anthracites
is about 120 and 60 pcf (2 and 1 g/cm3), respectively, the retained
solids should not exceed about 0.3 g/cm3 of filter v dium in order for
the filter media to function effectively, These values can also be used
to estimate the volume of filter wedium that is necessary to provide the
required efficiency for a specified period of time, An iltlustration of
how these values should be used is included in a subsequent design ex-
ample of a pervious dike,

Design procedure

130. The design of a pervious dike requires a knowledge of (a) the
average and peak flow rates under which it will operate, (b) the esti-
mated concentration of suspended solids approaching the dike, (c) the
required effluent quality, (d) the type of dredging operation (inter-
mittent or continucus), and (e) the design life of the disposal area.

The steps tc be taken in the design are:

a. Compute the required removal efficiency by comparing
the expected influent concentration of suspended solids
with the desired effluent concentration.

b. Estimate an average filter depth by assuming realistic
cross-sectional dimensions of the dike.

c. Use Equation 1 to approximate the filter coefficient
of the medium that will provide the required removal
efficiency for the estimated average filter length.
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d. Determine the effective grain size of the filter medium
by means of Equation 3a.

e. Construct appropriate flow nets for the selected type of
filter design (see Figures 25, 26, and 27) and compute
the discharge per unit length of dike.

£, Calculate the required surface area of the dike and,
given the height of the dike, determine the required
length of the perviocus section.

g. Design the filter to clog within a specified period of
time, typically one dredging season for each filter cell;
this is accomplished by realizing the maximum specific
deposit before the loss in flow rate or effluent quality
becomes appreciable,

=

Following the "filter design" (selection of medium and
proportioning of the filter), complete the design of the
dike by performing appropriate stability analyses.

131. When designing a pervious dike, proper attention must be
given to both filter requirements and structural stability. In order to
conduct a complete stability amnalysis for the dike, the flow nets con-
sistent with various design periods should be obtained so that variations
in seepage patterns can be properly taken into consideration. For the
case of dikes similar to the one shown on Figure 25a, procedures for
designing small dams can be adopted with the possible exception of '"sud-
den drawdown' conditions. For dikes with complicated and nonhomogeneous
cross-sections, extreme care should be taken when constructing the vari-
ous flow nets to assure that realistic conclusions are deduced.

Performance capabilities
and conditjons of operation

132, Pervious dikes should be designed to clarify waters with
loads of suspended solids not more than 1 g/4. The maximum hydraulic
head should be used, that is, the water level outside the dike should be
at or lower than the toe of the structure, and at the inside the water
should be able to reach the highest possible level. With the proper
selection of filter medium, a pervious dike could be designed tc have a
removal efficiency of 99 per cent or more. By properly dimensioning the
impervious covers, optimum use of the filter media can be achieved.

133. Maintenance. The unique character of this filter system and
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the simplicity of its design lead to very low maintenance requirements.
However, care must be taken to preserve the integrity of the impervious
covers during operation so that they can effectively protect the clean
layers of filter medium.

134. Monitoring. The drain of the pervious dike should be equipped
with a tube that collects the effluent and transfers it to a common dis-
charge, at which point samples can be monitored for turbidity or sus-
pended solids.

135, Remedial measures. When the quality of the effluent is not

acceptable (indicating a nonretaining filter) or when the discharge
through the pipe drops too low (indicating a bad c¢logging condition),
parts of the impervious cover can be vemgved to activate new sections of
filter media. Simultaneously, increasing the surface area of the filter
reduces the flow rates and improves the filtration efficiency in the
areas that may have manifested poorer retention.

Design example

136. Consider the hypothetical case of a disposal area in which
(a) the waters approaching the filter system have suspended solids loads
of not more than 1 g/&; (b) it is required that effluents do not have
more than 20 mg/f suspended solids; (c¢) the flow rate through the filter
is expected to be about 0.15 m3/sec; and (d) the dike is 3 m high with a
crest width of 1.5 m and slopes of 2 horizontal on 1 vertical. According
to the estimated influent and required effluent concentration of sus-
pended solids, a removal efficiency of 98 per cent should be cchieved
For the given cross~sgectional dimensions of the dike, the average filter

depth (according to flow line lengths) will be about 10 m, From Equa-
1

tion 1 the required filter coefficient is found to be about 0.39 m ;
and from Equation 3a or Figure 19 it is determined that a sand with an
effective grain size of 1 mm can provide the required efficiency.

137. Next, a type of design is selected according to the configu-
ration of the impervious cover that is most appropriate. Then, a simple
flow net should be constructed to obtain the shape factor (ratic of
number of flow tubes to number of potential drops in a conventional flow

net with "'squares'") for the seepage domain, 1f the shape factor is
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assumed equal to 0.2, use of a filter medium with a permeability of 0.5
cm/sec would lead to a required filter surface of about 300 m2.
138. The permeability of the filter medium can be determined by

use of Hazen's formula, k(cm/sec) = C D where D_. . is the effective

2
10 ° 10
grain size in cm and C varies from 80 to 140 with the higher values
tending to be associated with higher angularity of the grains. This
relationship, however, has been developed for clean filter sands, and
minute quantities of silt or clay can diminish the permeability consider-
ably. To predict the permeability of media with grains having high angu-
larity (such as anthracites), Kozeny's equation with appropriate coef-
ficients or Hazen's equation with high values for C can be applied.

139, Finally, the ability of this area of the dike to retain the
necessary amounts of solids before clogging must be checked. Assuming
a dredging season of two months, the total throughput per unit area will
be approximately 250 E/cmz; since the amount of solids retained is about
1 g/& (desired removal efficiency is 98 per cent), the total loading of
solids per unit surface area of filter will be about 250 g/cmz. Given
that the filter depth is about 10 m (or 1000 cm) and assuming a uniform
distribution of deposit with depth (laboratory studies reported in Part
IV support this assumption}, about 0.25 grams of solids will be retained
by each cubic centimeter of filter media. Since this is less than the
value of 0.3 g/cm3, which is considered to be the maximum attainable
deposit before clogging, the design surface area is adequate.

140. For this design example, it was assumed that the flow rate
through the filter (and, consequently, the flow rate through the disposal
area) was about 0.15 m3/sec. Such flow rates correspond to continuous
dredging with an 8§ te 9 inch pipeline dredge or to intermittent oper-
ations with larger pipeline dredges or with hopper dredges. For the case
of continuous operations with a much larger dredge (say, a 24 inch pipe-
line dredge), the flow rate would be much higher (1 to 2 m3/sec). Con-
sideration of such flow rates would have resulted in filter areas about
an order of magnitude larger than those estimated. The cost of con-
structing such a facility would be large and might render this filtration

alternative economically unfeasible.
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Discussion

141. The

foregeoing cxample was selected to represent the conditions

associated with a typical disposal area (flow rate, size of dike, and

active life per

a.

|o
.

year), and it leads to the following cbservations:

For concentrations of suspended solids on the order of
1 g/k, extremely large sections of pervious dike are
required,

When the load of suspended solids is on the order of

1 g/4 and the required removal efficiencies are very high
(95 per cent or more), the pervious dikes will tend to
clog rapidly.

Pervious dikes appear to be most useful when a low removal
efficiency is required, or when the suspended solids lecad
of the influent is not more than a few tenths of a gram
per liter, or when the active dredging period is short,

or when low flow rates are expected.

Sandfill Weirs

142, Conceptually, a sandfill weir mav overcome some of the dig-

advantages and limitations of a pervious dike. This type of filter sys-

tem consists of

one or more cylindrical or rectangular cells that contain

the filter medium and provide filtration in a vertical direction of flow.

Filter design concepts

143, Compared to a pervious dike, a sandfill weir offers the fol-

lowing advantages:

a.

Corrective measures can be applied much more easily to
restore effluent quality or quantity.

Components can be removed from operation pericdically for
cleaning and other maintenance.

The system is more readily adaptable to digposal areas
that are being continuously rejuvenated {(that is, used
as transfer stations).

Operation under a high hydraulic head 1s possible (hy-
draulic gradients on the order of unity can be realized
in downflow modes).

Construction may incorporate a vertical face, and this
may offer an advantage if the facility is built in a
limited space.
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f. Standby units can be provided for use in emergency situ-
ations (for example, if there is an abrupt change in in-
fluent quality or volume of influent).

However, sandfill weirs have also limitations, the most important of
which are:

a. Filter depths are essentially limited by the level of
water inside and outside the disposal area.

b. Their use for influents with high concentrations of sus-
pended solids {(on the order of several grams per liter)
requires excessive maintenance and large excess capacity.

144, Alternative designs, Sandfill weirs can be designed to oper-

ate in a downflow or in an upflow mode, as illustrated in Figures 28a and
28b. The available hydraulic head is the primary factor that dictates
which of the two systems should be used. High hydraulic head results in
high flow rates, and this reduces the required surface area of the filter;
therefore, for cases where the water level outside the filter cells is
relatively low (as shown in Figure 28a), a downflow design is probably
preferable. When high hydraulic heads can not be achieved, the upflow
design is generally more desirable because the limited data available
indicate that upflow filters can sustain longer runs and show better
removal efficiency than downflow filters under the same hydraulic head.
The buffer wall shown in Figure 28b allows the maximum head to develop
before the weir starts to function, and it provides filter influents with
the lowest possible concentration of suspended solids.

145. Filter media. The filter depths that can be realized and

the removal efficiencies that must be satisfied dictate the type of
filter media that should be incorporated in sandfill weirs. Although
either sands or anthracites of various effective grain sizes can be used,
effective grain sizes larger than 1 and 2 mm for sands and anthracites,
respectively, should be avoided because excessive filter depths would be
required to achieve high removal efficiencies (90 per cent or more),
Since these filter media have been shown to clog relatively fast under
high concentrations of suspended solids (5 to 10 g/&), the use of sand-
fill weirs is limited to the treatment of influents with concentrations

of suspended solids less than 1 or 2 g/£. Depending on the required
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removal efficiency and the available depth, specific media can be selected
by use of Equations 1, 3a, and 3b. However, it should be realized that
anthracites require a significantly smaller filter depth to provide the
same removal efficiency as sands of equal grain size; alternatively, for
the same filter depth, a coarser anthracite can be used to achieve a
higher flow rate. As specified for pervious dikes, the retained solids
should not exceed 0.3 g/cm3 of filter medium in order for the system to
function effectively.

Design procedure

146. A disposal area should be equipped with a battery of sandfill
weirs, rather than a single weir, to allow for continuous operation,
because a period of one to two days may be required to empty and refill
a filter cell. The proper design of a battery of sandfill weirs requires
a knowledge of (a) the average flow rate that must be accommodated, (b)
the available hydraulic head, (c¢) the estimated loads of suspended solids
in the influent, and (d) the required effluent quality. The steps to be
taken in the actual design are:

a. Depending on the available hydraulic head, select the
type of filter (downflow or upflow) and determine the
maximum filter depth that can be utilized.

b. Compute the required removal efficiency by comparing the
loads of suspended solids expected in the influent and
desired in the effluent.

¢. Use Equation 1 to estimate the filter coefficient of the
medium that will provide the required removal efficiency
for the maximum available depth.

d., Use either Equation 3a or 3b to estimate the effective
grain size of the sand or anthracite that can be used,

e. With a knowledge of the available hydraulic head and

the filter depth, estimate the permeability of the medium
and use Darcy's Law to determine the required surface
area of the filter.

f. Select the diameter of each cell and determine the number
of cells required.

g. Increase the required number of cells by one or two to
allow for idle time,

Determine the effective lifetime of the selected filter
media, and estimate how often the weirs will have to be
cleaned,

b=
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Performance capabilities

147. Sandfill weirs will probably be rather ineffective if the
concentrations of suspended solids in the influent exceeds 1 or 2 g/i.
However, within the indicated range of solids loading and depending on the
filtter medium and the filter depth, removal efficiencies of up to 99 per-
cent or more can be achieved. However, it is recommended that suspended
solids loads higher than 1 g/4 be avoided and that the maximum available
filter depths be used.

148. OQperation and maintenance, Before the weirs are activated,

the disposal area should be filled to the maximum allowable water level.
This procedure will provide the highest hydraulic gradient, and it will
allow the longest retention time for the supernatants within the contain-
ment arca. Flow into the weirs can be controlled with properly designed
stop-logs (see Figure 28a). When a filter cell has lost its filtration
efficiency or has clogged (judged from monitoring cell effluents), it
should be removed from operation, emptied, and refilled with clean filter
medium. The contaminated filter media can be either washed at a nearby
facility (the washwaters may be returned to a special compartment of the
disposal area) or deposited inside the disposal area.

149, Monitoring. The effluent of each filter cell can be collected
in a trough (see Figures 28a and 28b) that has a single overflow point
{perhaps a weir) at which the discharge can be monitored and samples can
be taken to determine the effluent quality.

150. Remedial measures. The design of a sandfill weir is relatively

flexible, and remedial measures can easily be taken. During cleaning
cycles, the type of filter medium can be changed to improve effluent
quality or flow rates. When a cell is not performing according to spec-
ified design standards, it can easily be taken out of operation.

Design example

151. As an illustrative example, consider the case of a disposal
area in which (a) the influent to the filter system has about 1 g/4 of
suspended solids, (b) the effluent quality is reguired to be 1.5 times
that of the ambient waters, (c) the flow rate through the filter is ex-

pected to be abour 0.15 m3/sec, and (d) the maximum available hydraulic
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head is 2 m. Assuming that the ambient waters have about 10 mg/4 of sus-
pended solids, the removal efficiency of the filter should be 98.5 percent.
Assume further that a downflow filter will be employed, and the filter
depth is not expected to be larger than 1.5 m. From Equation 1 the re-
quired filter coefficient is found to be 2.8, which, according to Equa-
tions 3a and 3b, corresponds to a sand or an anthracite with an effective
grain size of 0,35 and 0.75 mm, respectively. It was shown in Part IV
that a sand with this grain size would clog in a matter of hours under an
influent with 1 g/4 of suspended solids, Therefore, if a downflow filter
is desired, the anthracite should be used.

152. Assuming that the permeability of the anthracite can be approx-
imated by Hazen's formula, a value of 0.6 cm/sec can be determined. As-
suming further a hydraulic gradient of unity, the required surface area
for the filter is found to be about 25 m2. For cells that have a diameter
of 3 meters, the minimum number required is four; however, at least one
and preferably two additiomal cells should be constructed to account for
idle time. A similar scheme of computations can be followed to design an
upflow sandfill weir system.

153, Finally, an estimate should be made of the time required for
the filter media to clog. Since the total volume of the filter medium is
37.5 m3, it should be able to retain about 11,250 g of solids before show-
ing signs of severe clogging. The flow of 0,15 m3/sec corresponds to a
required removal of about 150 g per second. Assuming a uniform distri-
bution of deposit, the time to reach the indicated clogging point would be
about 21 hours; hence, a daily replacement of the filter media would be
required. If the solids load to the sandfill weir were reduced by a fac~
tor of 10, the media would need be changed only once every 10 days.

154, As explained for pervious dikes, flow rates larger than those
assumed in this example would have resulted in larger required filter sur-
face areas. Since the required areas are proportiomal to the flow rates,
the use of weirs may be unrealiistic for high flow rates (on the order of
1 m3/sec). For example, the required surface area for a 27 inch dredge
(flow rate of 1.35 m3/sec) would be about 225 m2 (32 cells)., However,

these requirements could be reduced by providing larger filter depths.
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If the filter depth were 3 m, the required effective grain size of the
anthracite would be 1.1 mm (Equations 1 and 3b), and the permeability of
the medium would be about 1.2 cm/sec (according to Hazen's formula); hence,
the required area would be 112.5 m?, or one-talf of the area estimated
above.
Discussion

155, The foregoing information and the design example lead to the
following observations:

4. Sandfill weirs will require extensive maintenance if they
are used to clarify influents with suspended solids loads
greater than 1 g/4 and provide high removal efficiencies,

(o

The amount of idle time can be reduced considerably if
low removal etficiencies are required, or if the influent
has a low concentration of suspended solids, or if the
flow rates are low, or if the active dredging period is
short.

Granular Media Cartridges

156, Similar to the concept of sandfill weirs, but much smaller in
size, granular media cartridges provide maximum flexibility in the combi-
nation of types of filter media, flow direction, depth of filter, and
hydraulic head. However, maintenance and operational requirements, as
well as costs, may become excessive.

Filter design concepts

157. Granular media cartridges have the following characteristics
and advantages:

4. Because of their relatively small size and weight, they
can be handled by a small crane.

b. Once spent and requiring rejuvenation, they can be re-
placed in a matter of minutes.

¢. They can be used advantageously in disposal areas that are
continuously rejuvenated. As conditions change in the
disposal operation, cartridges of alternate media could be
supplied and operating persomnel could experiment to ob~-
tain the best performance.

=%

Corrective measures can be easily taken.

e, Filter depth can be controlled by stacking cartridges on
top of each other, if appropriately designed.
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f. High hydraulic heads can be used, but cartridges can alsoc
be used where only low hydraulic heads are available.
158. TFinancial considerations may limit the use of cartridges for
the case of influents with very high suspended solids loads (on the order
of several grams per liter). In such a case cartridges would have to be
replaced frequently, and the soiled media would have to be washed or
wasted,

159. Alternative designs. The diameter of each cartridge should

not exceed 1 to 1.5 m, and the depth should be limited to not more than 2
to 2.5 m. Larger cells would weigh several tons and would be too heavy
to be handled easily by a small crane. As shown in Figures 28c and 28d,
cartridges can be designed to operate In downflow or upflow modes. Shown
in Figures 2% and 29b are combinations of filter cells that result in
biflow modes of operation. Such configurations can use downflow and up-
flow cartridges or perhaps weirs, The configuration shown in Figure 2%c
(horizontal flow) does not appear to offer the technical advantages that
are realized with the biflow concept and it is not recommended, Figure
30 gives plan and elevation views of a typical cartridge installation.
The merits and limitations of upflow and downflow modes for cartridge
operation are essentially the same as those discussed in the section on

sandfill weirs.

160. Filter media. The type and gradation of filter media that are

usable in cartridges is limited by the filter depths that can be utilized.
For the selection of a filter medium, Equatiors 1, 3a, and 3b can be used
as described in the sections on pervious dikes and sandfill weirs.

Design procedure

161. The design of a battery of cartridges requires a knowledge of
(a) the average flow rate that must be accommodated, (b) the available
hydraulic head, (¢) the estimated load of suspended solids in the influ-
ents, and (d) the required effluent quality. The steps to be taken in the
design are:

a. Select the type of flow consistent with the available
hydraulic head.

b. Compute the required removal efficiency.
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c. Use Equations 1, 3a, and 3b to select the filter medium
(sand or anthracite) and effective grain size,

d. Determine the required surface area by use of Darcy's Law,
the available hydraulic head, the cartridge depth, and an
estimate of the medium permeability.

e, Select the diameter of a typical cell and determine the
number of cells.

I+h

If desirable, provide for extra cells; however, this may
not be necessary because the substitution of cells can be
done rapidly.

Performance capabilities

162, Cartridges can be used to clarify waters with suspended solids
loads that can be as low as several hundred milligrams per liter or as
high as a few grams per liter. Different filter media can provide any
required removal efficiency up to 99.9 per cent. However, for loads of
suspended solids on the order of 5 to 10 g/{, intensive maintenance will
be required, because the cartridges are not expected to have an effective
life time longer than a day. A system of downflow and upflow cartridges
in series can provide excellent removal efficiencies and also increase the
filter depth that can be used.

163. Operationm and maintenance. Before the batteries of cartridges

are activated, the water in the disposal area should be allowed to reach
its maximum level. Flow into the batteries of cartridges is controlled by
stop-logs in a manner similar to that shown in Figure 30. When a cart-
ridge has lost its effectiveness, removal and replacement is relatively
easy. Contaminated filter media can be either wasted or washed and reused.

164. Monitoring. As for sandfill weirs, each battery of cartridges
can be easily monitored by measuring flow rates and water quality in a
discharge trough (Figure 30).

165. Remedial measures. Steps similar to those described for a

sandfill weir can be taken to correct any malfunction. Basically, how-
ever, cartridges facilitate a2 more flexible design, because any mainte-
nance, restoration, or alteration of efficiency can be achieved in a much
shorter peviod of time.

Degign example

166. Consider the hypothetical case of a disposal area where (a) the
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influents to the filter system have about 2 g/{ of suspended solids;

(b) the required effluent quality is 50 JTU above ambient turbidity;

{c) the flow rate through the filter system is expected to be 0,15 m3/sec;
and (d) the available head difference is about 3 m. For the specified
effluent standard, waters with about 100 mg/f{ of suspended solids would
probably be acceptable, Therefore, the system should have a removal
efficiency of approximately 95 per cent.

167. 1If cartridge depths of 2 m are selected, the effective filter
depth, accounting for inlet and outlet zomes, will be at least 1.5 m. The
required filter coefficient is found from Equation 1 to be 2.0 and from
Equations 3a and 3b the effective grain sizes of the sand and anthracite
that will give the required efficiency will be about 0.42 and 0,90 mm,
respectively. For the case of sand, the required surface area is found
to be 85 mz, but for anthracite only 18.5 m2 are needed, The required
number of cartridges with a diameter of 1 m is 108 in the case of sand-
filled cartridges or 24 in the casa of anthracite-filled cartridges.
Anthracite appears to be the choice in this case because it will reduce
the size of the installation, as well as the number of active cartridges,
by about a factor of 4. Because anthracite weighs only about one-half
as much as sand, much larger cartridges of anthracite can be used; thus,
only 6 cartridges with a diameter of 2 m wou'!d be required, For the same
problem, if a higher removal efficiency was required a c¢ombination of
downflow-upflow cartridges could be used. A: for the cases of pervious
dikes and weirs, it is likely that an unrealiscic nuuber of cartridges
would be required for flow rates much higher than those used in the

example,

Mechanized Sandfill Weirs

168, Tt is apparent from the foregoing discussions that nonmecha-
nized filter systems, especially the sandfill weirs, will present a con-
siderable maintenance problem when the concentration of suspended solids
in the influent is on the order of 1 g/f. A modification of the sandfill

weir that includes backwashing facilities to quickly clean the filter bed

130



is shown in Figure 31, The design of the filter cells with respect to
the type of filter medium, the depth of filter, and the filter surface
area is similar to that described for the nonmechanized sandfill weirs,
As shown in Figure 31, rhe following auxiliary equipment is necessary:

2. A pump to feed the influent to the filter in the case of
a low water level inside the disposal area,

b. A pump to divert the filtrate into the backwash storage
tank,

¢, Valves to control the flow of water during filtration and
backwashing cycles,

d. A channel to return backwash waters to the disposal area,
169, The advantages offcred by this system are:

a., Cleaning of the cells in~place by removing the filter
medium is avoided,

b. Concentrations of suspended solids up to 1 or 2 g/f can
be handled,

¢, One person can easily oversee and monitor the installation,

170. With regard to the flow rate and frequency of backwashing,
guidelines similar to those used fo. conventional deep-bed filters can be
adopted. For such systems, many designers limit the maximum volume of
the backwash waters to 5 per cent of the total throughput, Furthermore,
data presented herein indicate that the media should be backwashed when
the specific deposit reaches about 0.3 g/cm3. “onsidering the foregoing
design cxample for sandfill weirs, it is seen that the weirs will require
cleaning every 2' hours, Since the total throughput for this period is
about 11,000 m3 (3 million gallons), 5 per cent of which is 550 m3
(150,000 gallons), a backwashing duration of 5 minutes with a flow rate
of 1.3 to 2.0 cm/sec (20 to 30 gpm/ftz) will require about 100 m3 (25,000

gallons) of backwash water, and this amount can easily be pumned and

stored in a small size tank.

Summarz

171. On the basis of an extensive experimental investigation re-

ported in Parts III and IV, three new conceptual designs are proposed for
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nonmechanized granular media filter systems, Pervious dikes, sandfill

a special group of systems that have the following characteristics:

(a2) they use the maximum head of water that can be developed inside a
disposal area; (b) they effectively clarify waters with concentrations of
suspended solids up to 1 g/f (pervious dikes and weirs with or without
backwash) or up to 10 g/f (weirs with backwash and cartridges); (c) they
are simple in design, operation, and monitoring; (d) their properties
can be adjusted to control cffluent quality (except for pervious dikes);
and (e} maintenance and manpower requirements are negligible for dikes,
low to moderate for weirs, and moderate to high for cartridges, On the
basis of their technical feasibility, these three systems are strong
candidates For use in the clarification of supernatants from dredged
material disposal areas, However, for dredging operations in which high
flow rates (about 1 m3/sec) are obtained continuously, the required size

of these systems may render them economically unfeasible,
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PART V1: MNESIGN GUID.LINES

172, Man: ‘factors affect the selcection and application of con-
ventional or conceptually new solid-liquid separation technology to the
design of efficic t dredged material mTine. ~nt facilities; these factors
include the size and location of the disr-:sal area, the type of influent
slurry, and the effluent quality standa. s, However, these factors may
vary considerably with local conditions, and a large number of combi-
nations may result. Accordingly, there is a need to cstablish design
guidelines that have general applicability and a sufficiently good pre-
dictive capability for a wide variety of situations.

173. The following sections of this chapter describe the vari-us
design guidelines that have beeu developed, and several simple «omographs
are presented to assist the designer i. (a) determining tne gradation and
concentration of suspended solids in disposal area ¢lfluents, (b) selecting
the proper material to be used in a granutar filtevr medium design, and
(c¢) estimating the effective cycle time or life-time of a granular media
filter, The types of solid-liquid s¢,  vacion technology that are appli-
cable to the design of dredged mat:-rial ‘isposal areas include sedimen-
tation, chemical coagulation and flocculation, vacuum filtration, senic
screening, and granular media filtration by means of conventional equip-
nent with automatic backwashing, and granular media cartridges. These
systems were incorporated in the preparation of design flow charts that
consider all possible alternative means to effect a given degree of solid-

liquid separatiomn.

Operating Conditions of Disposal Areas

174, The introduction of new or alternative solid-liquid separation
technology to the design of confined disposal areas for dredged material
requires a thorough understanding of the prevailing operating conditions
of these disposal areas. The consideration of extreme, as well as inter-
mediate, conditions is necessary so that the problem can be properly put

into perspective. Operating conditlions can be adequately described by
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considering the geometrvy of the disposal area, the type of slurry dis-
charged into the area, and the effluent quality standard that must he
satisfied, 1In the following paragraphs, these factors are discussed and
the necessary ranges of values are selected to describe operating con-
ditions adequately.

Disposal area gecometry

175. The sizes of dredged material confinement facilities are dic-
tated by the volume of bottom sediments to be dredged, the frequency of
dredging operations, and the available tracts of land. All disposal
areas, irrespective of their size, function as a gross sedimentation basin
in which dredged material is deposited hydraulically, Therefore, the
principal characteristic of a disposal facility is the size of the area
that is inundated continuously and serves as the sedimentation basin,
Since the size of this inundated area may be rather large for leng-term
permanent containment facilities or relatively small for short-term
temporary storage facilities, such as transfer stations, design relation-
ships and considerations are developed to cover surface areas ranging
from 10,000 m2 to 1,000,000 m2 (2.5 acres to 250 acres).

Influent to disposal areas

176. To characterize the dredged material slurries that are pumped
into disposal areas, three parameters are necessary: the rate of influent
pumping, the amount of suspended solids in the slurry, and the grain size
distribution of the suspended solids. Once a disposal area is filled
with water after the initiation of a dredging season, the volume of slurry
pumped into the area can be equated to the volume of water being dis-
charged from the disposal arca. Although the discharge rate is usually
a few tenths of a cubic metey per second, a range of 0.01 ma/sec to
1 m3/sec is selected in this conceptual development, Dredged material
slurries, as pumped into disposal areas, usually contain between 10 and
20 percent suspended solids by weight; therefore, the chosen range of
5 to 25 percent is considered to encompass virtually all conditions
that would likely be encountered. »- -hown in Part II and Appendix A,
the gradations of bottom sediments thac are candidates for dredging

vary significantly, both regionally and locally, It was further
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established in Part II that gradations obtained according to standard
ASTM procedures (which involve the use of a dispersing agent when con-
ducting the hydrometer test) overestimate the percentage of colloidal
fines in the bottom sediments by at least a factor of two, Finally, it
is assumed herein that the mass percentages of grains finer than 10, 1,
and 0.1 y are not more than 50, 20, and 0 percent, respectively.

Effluents from disposal areas

177. In the past, the quality of effluents from disposal areas was
judged to a large extent by their concentration of suspended solids.
Effluent quality standards, in turn, dictated the suspended solids re-
tention efficiency that should be satisfied by a dredged material con-
finement facility. Past standards have not been uniform, as summarized
in Part II, and they ranged from extremely strict to very lenient. Spe-
cifically, accepted suspended solids content of effluents ranged from as
high as 13 g/f to as low as a few tens of milligrams per liter,

178. New interim guidelines were recently imposed (see Part II)
to govern the discharge of dredged or fill material into navigable waters,
but specific inmstructions for evaluation of the quality of such dis-
chargés are not yet available, Therefore, effluent quality standards
were assumed herein to specify suspended solids contents in the range

of 10 mg/f to 13 g/l.

Sedimentation Analysis

179, Sedimentation in a disposal area is a natural solid-liquid
separation process that incurs wvirtvally no operational or maintenance
expenses and, except for the initial investment for land acquisition and
dike comstruction, involves no capital cost., 1In order to design a filter
system to supplement the solid-liquid separation by sedimentation and
thus clarify further disposal area effluents, an estimate of the amount
and type of suspended solids to be encountered by the filter system is
required. Therefore, the designer should be provided with a method by
which the concentration and sizes of suspended solids in disposal area

effluents can be estimated.
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180, 1In Appendix D classical sedimentation basin theories are pre-
sented and adapted to the operating conditions of dredged material dis-
posal areas, When the discharge and surface arca of a disposal facility
are known, the percentage of particles of various sizes that are removed
from suspension by sedimentation can be computed from Equation D5, The
ratio of discharpe to surface area is called the surface loading:; it is
expressed in centimeters per second and, according to values selected in
the foregoing paragraphs, ranges from about 10_6 to 10-2 cmfsec, Sus-
pended particle removal efficiencies predicted by Equation D5 for dif-
ferent size particles are plotted in Figure 32a versus a wide range of
surface loadings. In Figure 32b the removal efficiencies are cross-
plotted against the suspended particle size for various surface loadings.
Depending on the size of the disposal area and the flow rate through it,
Figure 32b can be used to estimate the amount of suspended particles of a
given size that will settle out of suspension in the disposal area. For
example, for a surface loading of 10-5 cm/sec, all particles larger than
54 are expected to settle, and about 90 percent of the 1-u particles
will be removed,

181, To expedite the determination of the concentration of sus-
pended solids in disposal area effluents, the nomograph presented in Fig-
ure 33 was developed on the basis of the assumptions that (a) Equation D5
predicts with reasonmable accuracy the amount of particles of a certain
size that will be retained by a disposal area with a given surface load-
ing value; (b) the mass of particles with equivalent diameters smaller
than 0.1y is negligible; (c) the masses of particles smaller than 1y and
10y, are not more than 20 and 50 per cent by weight, respectively; (d) all
particles larger than 10y will be removed by sedimentation; and (e) the
distribution by weight of particles smaller than 10y is uniform, Based
on the second and third assumptions, the ten gradation curves shown in
Figure 33 were selected to cover the range of gradations expected in
dredged bottom sediments, Assumption (e) was made in order to provide a
standard basis for performing the computations necessafy to develop the

nomograph. The use of the nomograph is explained as follows:

137



Removal Efficiency (%)

100

Digmeter
(microns) )

Susbended Grain

Pl

80

60 //

40

20/

e

-~ {a)

07 s 2 107* s

2 |

0% s 2 0

Surface Loading {cm/sec)

100

AN

L

fodld

o -~
/

L T
Surface Loading T /
(cm/sec)/ P /
80 ' -
/
o4
/ ’

Ay

20 ]

yd

/)
o”*

e

40 // // -
L

fe e
"1

T //
1 % ~

—] (b)
[

0
o} 2

3 4 5 6 7869l 2

3 4 5 6 78910

Suspended Grain Diometer (microns)

Figure 32, Relationships Among Removal Efficiency by Sedimenta-
tion, Surface Loading, and Suspended Grain Size

138



Percent Finer (by weight)

Surface Loading {cm/sec)

50
40
30

20

10

Figure 33,

Nomograph to Estimate Concentration of Suspended Solids
in Efftuents from Confined Disposal Areas for Dredged Materials

I

TT T 1 1 T T TTYrT T 171 7 T T
Representative Gradation
0 Curve
8
xg

A

6
3
T

T T Il

0
0 !

Grain Diameter {microns}

Surface Loading

07?

TRt

a4

S
]

o

1c™8

25 %50

I IIIIIH]

Percentage (by weight)
of Suspended Solids ——

T iTmT

i

Representative
Gradation
Curve

FrTTTT

i

—

i
O e »

I

!

L

-—an a M

]
J
|

l

|

[IENE

114

001

0.1

0.0l

100

Relationships Among Surface Loading, Amount and Grada-

tion of Suspended Solids in Dredged Material Sluryy,
and Concentration of Suspended Solids in Effluent

139

Concentration in E ffiuent

Concentration of Suspended Solids in Effivent (g/8)



Ie

Determine the value of the surface loading from a know-
ledge of the disposal area size and its expected flow rate.

b, TIdentify the grain-size distribution curve of the bottom
gcdiments to be dredged and select from Figure 33 the
representative gradation curve that gives the best fit,
If hydrometer tests are employed to obtain the distri-
bution curve, they should be performed without the use of
a dispersing agent.

c. Estimate the suspended solids content of the slurry to be
pumped into the disposal area.

d. Enter the nomograph from the left and move to the right
until the selected representative gradation curve is
encountered, Move up or down until the appropriate line
representing the percentage of suspended solids in the
slurry is met., Exit the right side of the nomograph and
read the concentration of suspended solids in the effluent,

182, TFor example, for a surface loading of 10—5 cm/sec, a grain-
size distribution represented by curve 4 of Figure 33, and a slurry con-
centration of 10 percent suspended solids by weight, the effluents should
be expected to have a suspended solids concentration of 0.8 g/f. Data on
suspended solids in disposal area effluents that were presented in Table
5 and Figure 5 indicate that this procedure tends to overestimate the
amountt of suspended solids in the effluent, However, in view of the fact
that there is no other quantitative methodology available, the nomograph
is recommended with the understanding that it may lead to conservative
designs.

183, In order to control the flow pattern in a disposal area
(mainly by reducing the occurrence of short circuiting) and thereby im-
prove the hydraulics of the sedimentation basin systems of barrier or
buffer or spur dikes can be constructed inside the disposal area, Al-
though the recommendation of methods for designing such systems is not
within the scope of this work, the nomographs of Figures 32 and 33 can

be used for any disposal area for which surface area can be estimated,

Filter Systems

184. Since sedimentation alone, whether or not aided by chemical

coagulation and flocculation, can not always produce effluents of
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acceptable quality, there will be cases where the use of a filter system
or combination of systems Is necessary, In Appendix I} a variety of con-
ventional filter systems were reviewed, and those with potential appli-
cation in the design of dredged material disposal areas were selected,
Furthermore, three different systems were developed (Part V) on the basis
of the experimental investigation presented in Parts III and IV, In the
following paragraphs these systems are discussed with emphasis on the con-
ditions under which they can be used and the results that can be expected;
also presented are graphs that have been developed to expedite the design
of these new systems.

Vacuum filtration

185, Based on a review of available literature, vacuum filtration
systems have been identified as the only conventional designs that are
capable of dewatering dredged material slurries, The influent to such
systems can have suspended solids contents from 1 to 10 percent by
weight (or 10 to 100 g/{), and appropriately designed systems can produce
effiuents with suspended solids as low as 0.5 g/¢ with removal efficien~
cies that can be 99 percent or more but rarely exceed 90 percent. The
factor that may render vacuum filtration economically unfeasible is the
limited yield per unit surface area of the filter; hence, large filter
surface areas are required to handle the large volumes of effluents that
are anticipated, 1In this respect, rotary disk vacuum filters have a sig-
nificant advantage over rotary drum vacuum filters, because the surface
area of the former is up to five times that of the latter, thereby re-
ducing the space requirements, as well as the capital, maintenance, and
operating costs, and increasing the versatility of the system.

186, Vacuum filters can be incorporated in the design of disposal
areas where the detention time is too short for effective sedimentation
of suspended solids, This would be typical of disposal facilities charac-
terized as transfer stations, where dredged material slurries must be
dewatered at a fast rate and the resulting solids tramsferred to other
locations for temporary or permanent storage. Depending on the frequency
and duration of dredging seascons, two alternative concepts can be advanced,

One is a permanent, land-based installation that dewaters slurries from

141



which the large-size particles (sands and gravels) have been removed (per-
haps by coarse sedimentation). Another is an installation on a barge or
any other fleoating structure than can translocate with the dredge, A
land~based facility may be more economical in areas where considerable
dredging takes place annually; whereas a barge-based facility may be
appropriate for smaller operations where dredging is infrequent and the
volumes are relatively small, 1In regions where strict effluent gquality
standards must be satisfied, the effluent of wvacuum filters will probably
be unacceptable for discharge in the open waters and a second system
would probably be required to polish the effluent,

Microscreening

187. It was concluded in Appendix D that conventional microscreen
or microstrainer units are inappropriate for reducing suspended solids in
disposal area effluents, but the Sonic Strainer Micro Screen described in
Appendix D (marketed by the FMC Corporation) may be a single example of an
appropriate microscreen system. The Sonic Strainer is reported to be
capable of handling influents with suspended solids ranging from as low
as 10 mg/f to as high as 20 g/f with removal efficiencies from 90 to 99
percent [lor particles larger than 1y . However, at high concentrations
of suspended solids, the throughput capacity of the system is reduced
substantially and a large number of units would be required.

188, The Sonic Strainer might be used at moderate-sized disposal
areas that have the following characteristics: (a) a substantial coarse
fraction of the slurry solids are removed by sedimentation; (b) the
amount of submicron particles i1s negligible; and (c) strict effluent
quality standards are enforced. Alternatively, the Sonic Strainer might
serve to polish vacuum filter effluents., 1In any case, provisions must be
made to move the device as the concentrated solids that are rejected by
it build up in its vicinity; otherwise, the device will lose efficiency
and throughput capacity, even if it is not bogged down by its own waste
stream, Possibly the unit could be mounted on a raft inside the disposal
area, and it may be economical to transport this system from one disposal

area to another,
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Mechanized deep-bed filters

189, Conventional mechanized granular media filter have never been
designed to clarify waters with high concentrations of suspended solids;
they arc viewed herein only as a possible alternative to nonmechanized
systems, which require high maintenance and frequent removal or cleaning
of the filter media. In such cases a backwashing system, possibly auto-
mated, will be necessary,

New designs

190, The conceptual development of three different types of non-
mechanized granular media filters (pervious dike, sandfill weir, and
cartridge) was presented in Part V with design guidelines and a typical
design example, For a given set of operating conditions, the design of
one of these gystems requires the specification of two basic items of
information: namely, the type of filter medium to be used and the time
required for the filter medium to function before clogging.

191, Selection of filter medium, By comparing the quality of the

filter influent to the desired guality of the effluent, the required re-
moval efficiency of a filter system can be computed. The height of the
confining dike and/or the maximum difference in elevation between the
water inside and outside the confining structure permits an accurate
estimate of the filter depth, When the removal efficiency and the filter
depth are known, the effective grain size of the filter medium can be
computed by using Equations 1, 3a, and 3b., Figure 34 was prepared to
expedite the process of selecting the appropriate filter medium, By
entering the ordinate scale with the desired removal efficiency and
proceeding to the appropriate filter depth, the effective grain size can
be read from the abscissa; alternatively, for a given filter medium, the
required filter depth can be estimated,

192, Clogging time. Filter media become ineffective and require

cleaning or replacement for either or both of two reasons: grains become
coated by the captured solids, thereby lowering the clarification ef-
ficiency to unacceptable levels, or the voids become filled with captured
solids to such an extent that the permeability of the filter bed is

reduced by perhaps orders of magnitude, Data from the experimental
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program of this study allow the following conclusions to be advanced;

8. Sands or gravels and anthracites with effective grain
sizes larger than 2 and 3 mm, respectively, experience no
clogging; this is due primarily to their limited removal
efficiency.

b. Sands or gravels and anthracites with effective grain
sizes smaller than 2 and 3 mm, respectively, experience
clogging due to excessive reduction in void space and
consequent reduction in permeability,

c. Measurements of the specific deposit (weight of retained
solids per unit volume of filter bed) showed that, for
all practical purposes, the retained solids were uniformly
distributed along the filter depth (equal to about 1.5 m)
upon completion of a filter run.

(J=N

Both sands and anthracites showed clogging signs when the
specific deposit reached an average value of about 0.3
g/cm?; the actual values for individual cases varied from
about 0,2 to about 0.4 g/cm3°

193. The period of time that is required for an initially clean
filter bed to manifest severe clogging can be computed on the basis of the
solids loading and removal efficiency of the filter, Based on experiments
described in Part IV, it was found that the filter medium will begin to
show signs of severe clogping when the specific deposit reaches a certain
value., Therefore, the problem of determining the effective lifetime of a
filter bed can be stated as follows: for given values of required removal
efficiency, suspended solids concentration of the influent and filter
depth, determine the volume of effluent that can be filtered before the
specific depeosit reaches a certain value.

194, fo expedite the determination of such filtrate volumes, the
graph presented in Figure 35 was developed on the basis of the following
assumptions: (a) the limiting value of the specific deposit is 0.3 g/cm3
and (b) the distribution of the deposit in the filter bed is uniform with
depth. All computations are based on a unit cross section (1 m2) of
filter. Within this framework it follows that (a) the total mass retained
up to the point of severe clogging is equal to the product of the filter
volume and the specific deposit; (b) the mass retained per unit volume
(1 m3) of filtrate is equal to the product of the removal efficiency and

the amount of seplids in a unit volume of influent; and (c¢) the ratio of
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the total mass to the mass retained per unit volume of filtrate is equal
to the volume of the throughput before clogging., To use Figure 35 the

designer must take the following steps:

a. Enter the graph with the required removal efficiency,

b, Move to the right until the appropriate curve representing
the concentration of suspended solids in the influent is
reached,

¢. Proceed vertically until encountering the curve giving the
appropriate filter depth,

d. Exit at the right and read total tEroughput volume of sus-

pension per unit surface area (1 m”) before severe clogging
occurs,

Synthesis

195, 1In Part V, Appendix D, and the foregoeing parts of Part VI,
concepts were developed for use in the design of systems for dewatering
dredged material slurries and clarifying disposal area supernatants.
Outlines of the steps to be followed in the decision making process are
given succinctly in Figures 36 through 40. The use of these flow charts
should considerably simplify the selection of the appropriate combinations
of solid-liquid separation systems for application to a given disposal
area.

196, Tt is evident that the effect of sedimentation should be con-
sidered first (Figure 36) in order to judge whether or not the effluents
from a given disposal area are acceptable for discharge to the receiving
water from a suspended solids standpoint., Estimates of the concentration
and gradation of suspended solids in the effluent from a disposal area
can be obtained from Figures 32 and 33, A comparison of the concentration
A with the required effluent quality B allows a decision to be made with
respect to the need for further treatment., Figures 37 through 40 outrline
alternative courses of design according to the amount of suspended solids
in the effluents after the largest available sedimentation basin has been
utilized, However, as shown in Figure 39, it may occasionally be pre-

ferred to limit the size of the disposal area to a presedimentation basin
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Characteristics of Disposal Area

Surface Area Flow Rate
Amount and Required
Gradation of Effluent
Suspended Solids Quality
in Slurry (B)
Surface Loading

Concentration of Suspended
Solids in Effluent (A)

Effluent Quality
(compare A and B)

Acceptable Not Acceptable
A<B A>B
No Need for Treatment Required
Further Treatment C=A-8B
Case 1 Case 2 Case 3 Case 4
C < 0.5 g/2 0.5g/4<C<lg/t lg/e<C<10g/g C>10 g/4

Figure 36, Flow Diagram of Alternative Courses of Action to Evaluate
Effect of Sedimentation of Disposal Area Effluents
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Case 1: € < 0.5 g/4

Case

la

Add Flocculent
to Effluent

Use Second
Sedimentation Basin

Case 1b

Determine Gradation of
Suspended Solids in Effluent

Amount of
Submicron Particles

Effluent Quality
Negligible Substantial
Sonic
Acceptable Not Acceptable r' Strainer
Granular |
Try Case 1b Filter Media
; . . g , Sandfill Weir
k Sandfill i
Pervicus Dike andfi Weir With Backwash Cartridges

With Flocculent

Without Flocculent

Figure 37, Flow Diagram for Case 1
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Case 2: 0.5 g/e4 <C< 1l g/fR

Case 2a Case 2b
Add Flocculent Determine Gradation of
to Effluent Suspended Solids in Effluent
Use Second Amount of
Sedimentation Basin Submicron Particles

Effluent Quality

Negligible Substantial
b ] Sonic
Acceptable Not Acceptable Strainer
| | Granular
Try Case 2b Filter Media [~
Sandfill Weir Cartridees Mechanized Systems With
With Backwash & Automatic Backwashing
With Flocculent Without Flocculent

Figure 38. TFlow Diagram for Case 2
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Case 3: 1 g/4 <C <10 g/4
Case 3a Case 3b Case 3¢ Case 3d
Reduce Size of Add Flocculent Add Flocculent Granular

Disposal Area to Slurry to Effluent Filter Media
Try Case 4b Effluent Ugg Secon Cartridges
Vacuum Filters Quality Sedimentation or
Basin Special Designs
of Mechanized
Systems With
Automatic
Backwashing
With or Without
Acceptable Effluent Addition of
Quality Flocculent to

Acceptable

Filter Influent

— Acceptable

Not
Acceptable

Depending on Value of C, Examine Possibility
of Using Cases 1 or 2 or Alternative Option

of Case 3

Figure 39,

Flow Diagram for Case 3
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Case 4&4:

C >

10 g/4

Case 4a

Add Flocculent
to Slurry

Effluent Quality

Case 4b

Vacuum Filters

Qualit

from Filter System

y of Effluent

Acceptable Not Acceptable

Acceptable

Not Acceptable

Try Alternative from
Cases 1, 2, 3, or 4b

Try Alternative from

Cases 1

or 2

Figure 40, Flow Diagram for Case 4
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prior to a vacuum filter dewatering operation. Since vacuum filters oper-
ate more efficiently at suspended solids loads above 1 per cent (10 g/4),
a rather small basin could produce an effluent suspension with 2 to 4

per cent solids, and this would be the vacuum filter Influent, For larger

Yo m o i 1 [ -

basins, thickening would b quired prior teo vacuum filtraticen, and such

3

redundant opervations would clearly be inefficient.

197. If a flocculant is added to the dredged material slurry at the
time that it is pumped into the disposal area, the sedimentation rates
will be increased and cleaner effluents will be produced., Lime is one
additive that appears to produce good results when used to treat dredged
material slurries directly. Organic polymers have also been found to be
excellent flocculants for disposal area supernatants with no more than
20 ¢/ suspended solids, However, when treating disposal area effluents
with a flocculant, it is necessary to provide a second sedimentation basin
where gravity clarification can take place. 1In general, the effective use
of flocculation as a solid-liquid separation scheme requires that samples
of bottom sediments be obtained and tested with various flocculants to
determine the best additive and some optimal range of doses,

198. Based on available information, the operating conditions and
performance capabilities of wvacuum filtration equipment, the Sonic
Strainer Micro Screen, granular media filters with backwash, and the new
conceptual designs of a pervious dike, sandfill weir with or without
backwash, and granular media cartridge have been described in Appendix D
and Part V. However, field pilot studies are suggested to permit a better
estimation of the full-scale cost-effectiveness of each alternative., Such
tests should precede the incorporation of any of these desiguns into a
full-scale operation in order to better ascertain the design life and
maintenance and operational costs,

199, Figures 34 and 35 present nomographs that have been developed
to assist the designer in selecting the type of filter medium and esti-
mating the effective lifetime of a filter, However, the development of
these nomographs is based on two important assumptions that (a) the
limiting specific deposit is 0.3 grams of solids per cm3 of filter medie

and (b) the mass of solids retained in the filter is independent of the
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grain-sizc distribution of the filter influent. Both of these assumptions
were established on the basis of the laboratory data presented in Part IV,
and they were found to be consistent with the field (Toledo, Ohio and
Wilmington, North Carolina) test data also presented in Part IV, Despite
this limited verification, it must be recognized that these assumptions
may not hold for other dredged material slurries encountered in various
dredging operations, and pilot tests are therefore reccommended to ascer-
tain their applicability prior to the unqualified acceptance of the de-

sign procedure outlined herein,

Summary

200, Guidelines for the application of solid-liquid separation
technology to the design of dredged material confinement facilitjes were
summarized in this part. Several nomographs and figures were prepared
to expedite the design of a particular filter system, and flow diagrams
with step-by-step instructions were given to provide direct and rapid
insight into possible alternative courses of design. The basic infor-
mation comsists of (a) a graph for use in estimating the gradation of
suspended solids in disposal area effluents, (b) a nomograph for detcrm-
ining the concentration of suspended solids in the effluent from the
sedimentation portion of a disposal area, (c) a graph for selecting ap-
propriate granular filter media for design, (d) a graph for estimating
the clogging time of a granular media filter, and (e) several flow charts
to be used as a decision-making guide in the application of solid-liquid

separation technology to the design of disposal areas for dredged material.
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PART VII: SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

201, TIncreasingly stricter environmental standards are being im-
posed to mitigate or prevent waterborne contaminants of many varieties
emanating from dredged material disposal areas from entering the adjacent
receiving waters. Waterborne suspended solids are in themselves a major
contaminant, as well as a carrier for absorbed, precipitated, or exchanged
contaminants in the effluents from dredged material confinement facilities,
Hencc, improved methodology to control and reduce the level of suspended
solids in these effluents is considered a necessity, and the research re-
ported herein was conducted in response to this need. A dual-faceted
program was undertaken to (a) investigate the feasibility of using con-
cepts alreadyv established in modern solid-liquid separation technology
and (b) develop new or modified concepts for suspended solids control.
This part summarizes the results of this research, presents the major con-
clusions that were deduced, and outlines recommendations for follow-up
research and development.

202. An extensive background study was undertaken to provide the
basis for the experimental part of this research and to place the prob-
lem of suspended solids control in dredged material disposal operations
in perspective with modern sclid-1liquid separation technology. Disposal
area design and operation was reviewed from the standpoint of effluent
quality control, and physical and chemical characterization data for
dredged material were collected from a large number of locations, 1In
addition, conventional filtration techniques and previous research on the
filtration of clay suspensions were examined, Based on information
assembled during this part of the investigation, an extensive program of
laboratory and field filtration tests on granular and fibrous media was
planned and executed. The purpose of this experimental investigation
was primarily to determine the characteristics and performance capabili-
ties of filter media that could be employed as components of filter sys-
tems for effluent quality control in disposal area operations. Pursuant
to an analysis of the results obtained, criteria and guidelines were
advanced to facilitate the appropriate selection and use of the filter
media that were i{nvestigated,
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203. The rapid evolution in dredged material disposal and re-use
concepts, as well as the wide range of conditions and materials encountered,
dictated that the problem of effluent quality conttrol be treated as a com-
plete solid-liquid separation problem and not simply as one of selecting
an appropriate filter system, Within this framework the solution requires
the judiciecus combination of some methodology for dewatering dredged
material slurries and/or clarifying the disposal area supernatants. Al-
though the dewatering problem can probably be handled by either sedimen-
tation or mechanical filtration, the resulting waters may require clari-
fication by some other type of filter system, Hence, the beneficial
clfects of sedimentation and flocculation on clarification were given
considerable attention; the compatibility, advantages, and disadvantages
of conventional filter systems were discussed; and, as a result of the
experimental study, new concepts were developed for the design of pervious
dikes, sandfill weirs with and without backwash, and granular media
cartridges, Nomographs were prepared for use in the design of the latter
systems, as well as for assessing the extent of clarification achieved by
sedimentation, and a general methodology in the form of flow charts was
proposed as a guide to facilitate the selection of the most appropriate
technique for controlling effluent quality.

204, When assessing the effectiveness of a given filter system it
is important to recognize that each system is associated with an accepta-
ble range of influent suspeunded solids; a few systems operate effectively
at high levels of suspended solids (> 10 g/4), several at intermediate
levels, and a few at low levels (< 1 g/4). As defined herein, good or
effective clarification is considered to correspond to removal efficien-
cies of 90 percent or more in the intermediate to low ranges of influent
suspended solids., Obviously, the specific quality of the effluent from
a given filter system is directly dependent on the amount of influent
suspended solids. For example, although a system may have 95 percent
removal efficiency, it may still not satisfy a strict effluent standard
(such as 50 mg/i) if the influent solids are 5 g/f. Accordingly, the
proper exercise of engineering judgment is indispensible to the optimal

usage of the alternatives available,
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Conclusions

205. Bascd on the background study, the analysis of the results
obtained from the experimental investigation, and an extensive review of
pertinent literature, the following conclusions can be advanced:

a, High variability in disposal area geometry, nature of
bottom sediments, slurry pump-in operations, and effluent
quality standards complicate to a severe degree the prob-
lem of effluent quality control in dredged material con-
tainment facilities and preclude the development of a
unique or universal solution to the problem.

Iz
L]

Disposal area effluent quality control should be considered
as a general solid-liquid separation problem that consists
of dewatering dredged material slurries and/or clarifying
disposal area supernatants,

c. Although no formal methodology is available to predict
directly the expected sedimentation patterns in disposal
areas, the adaptation of classical sedimentation basin
theories to disposal area operating conditions allows a
first-order approximation of the amount and gradation of
suspended solids in disposal area effluents,

| e

For a given flocculant, different dredged material show
different behavior, and pilot programs are needed to
establish the basis for appropriate additives and doses.
In general, when treating suspensions with 50 g/f or more
suspended solids content, lime appears to be the most
effective of either inorganic or organic chemicals, but
for dredged material slurries with suspended solids con-~
centrations up to 20 g/), organic polymers are probably
the most effective and least expensive,

fo

The behavior of sands, gravels, and anthracites in the
filtration of suspensions in fresh or saline waters
appears to be generally similar, except that anthracites
show a slightly better mass and small particle size re-
moval efficiency in saline environments.

{e
.

Certain vacuom filtration technology appears to be tech-
nically feasible for dewatering dredged material slurries
with 10 g/f or wmore suspended solids content, but it will
probably not be economically acceptable in many cases.
Furthermore, depending on effluent quality standards, it
may be necessary to incorporate another filter system to
polish the filtrates produced by wvacuum equipment.

g. Special designs of mechanized surface filtration systems,
such as belt filters operating under capillary or
squeezing action, may function effectively under influent
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conditions similar to those described for wvacuum filters,
and they may offer savings in capital and operating costs,
However, additional studies are nceded to evaluate thcse
bencfits more fully,

Special designs of automated granular media filters, such
as moving bed, upflow, or pressure systems, are technically
capable of clarifying waters with suspended solids loads

up to 10 g/i, but such systems will have very short filter
cycles, require extensive cleaning, and probably prove to
be economically unfeasible for loads above 1 or 2 g/f.

Granular media cartridges can be used to clarify super-
natants with suspended solids concentrations up to about
10 g/f; however, for concentrations above 1 g/l, mainte-
nance will probably be excessive.

A special microscreen filter can be used to clarify supcr-
natants with high variability in the concentration of sus-
pended solids (up to several grams per liter solids conw
tent), but it is most effective for concentrations below

1 g/4 and for suspended particles greater than lp in
diameter.

P I e L T T T/ T . s L S e = T
Sandfill weirs with backwash can be used to clarify super-
natants with suspended solids concentrations up to about

1 or 2 g/t.

Conventional automated granular media filters can handle
influents with suspended solids loads up to 1 g/4, but
they normally perform most effectively and economically
at much lower concentrations,

Pervious dikes and sandfill weirs without backwash are
considered adequate for use with supernatants that have
no more than 0.5 g/f suspended solids,

Fibrous media do not appear to be technically feasible as
components of nonmechanized, low-maintenance filter sys-
tems,

Slow sand filters and intermittent sand filters are un-

feasible for use in disposal area operations because of

their ability to handle only influent solids levels that
already meet strict effluent standards,

At its present stage of development, electrofiltration is
probably technically feasible, but is in no way an eco-
nomic alternative for dewatering or clarifying supernatants
from dredged material containment areas.

Mechanized cloth or screen filters, such as drums or belts,
operating only under gravity head are not effective for
dewatering dredged material or for clarifying the super-
natants,
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Recommendations

206, As a consequence of the knowledge acquired and experience
gained during the conduct of this research, the following recommendations
are offered for further investigations:

a. Long-term filtration tests (runs of weeks or months)
should be conducted on a few highly selective granular
media to evaluate more completely their performance capa-

bilities under the antagonistic or synergistic natural
environments in which they must operate; results of this
type would enable some of the necessary extrapolation
emploved in this investigation to be avoided,

lo
L]

Full-scale pilot tests on pervious dikes, sandfill weirs,
and granular media cartridges should be conducted at a
number of disposal areas with different operating con-
ditions; experience records of this type are neecded for
the effective evaluation of the soundness of the method-
ology advanced in this study.

c, Vacuum filtration should be thoroughly investigated with
respect to both technical and economical feasibility,
particularly with respect to applications in transfer
stations and areas with infrequent dredging operations,

d. Since the selection of chemicals that are universally
applicable and cqually effective in flocculating all
varieties of dredged material is virtually impossible, a
methodology (perhaps akin to the standard "jar test"
employed in water process technology) should be developed
to enable the proper flocculant, together with optimum
dosage, to be selected for a given dredged material,

I
-

The possibility of using relatively inexpensive and
readily available nonconventional filter media, such as
straw or wood chips, should not be precluded on the basis
of the somewhat unfavorable preliminary evidence reported
herein, More comprehensive investigations should be under-
taken to assess completely their technical applicability
and economical feasibility,

f. Since the experimental phase of this research program was
performed almost totally on suspensions of inorganic
clays, the filtration of suspensions with very high sus-
pended organic solids content should be studied to
identify and evaluate the potential adverse effects of
various amounts of organics on the performance character-
istics of granular media filter systems.

g. A number of technically feasible filtration alternatives
involve the consumption of energy by system components,
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and, in view of the fact that disposal areas are often
located in isclated regions where conventional power
supply is not available, a feasibility study of alterna-
tive nonconventional power sources, such as wind, solar,
or tidal energy, should be undertaken.
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APPENDIX A: PHYSICAL AND CHEMICAL DATA FOR. BOTTOM SEDIMENTS

1. The information presented in this appendix was extracted from
the literature, unpublished reports, and files of Corps of Engineer
District offices, and it comprises part of a background study aimed to-
ward characterizing dredged material and disposal area effluents. An
effort was made to collect information from all geographic regions of
the country so that a realistic picture of the chemical constituents
and grain-size distributions could be obtained for bottom sediments
that are candidates for dredging.

2. ‘The pre-1875 EPA regulatory criteria for open water disposal
of dredged material (now superseded) specified limits for seven chemi-
cal parameters. Therefore, for the vast majority of sampled hottom sed-
iments, values for only these parameters were obtained; these data are
listed in Table Al and given as frequency distributions in Figure Al

3. The average prain-size distribution was obtained for bottom
sediment from 60 locations around the country, and these data are pre-
sented in Table A2; the portions of grains smaller than 100, 10, and

1y are presented as frequency distributions in Figure AZ.

Al



Table Al

Chemical Constituents of Bottom Sediments

Chemical Constituent (percent on s dry weight basis)
Location and Chem{zal Total

District Mumber of V;’é‘::;;e Oxygen | Kjeldshl UG‘:M“: Mercury |  lead £ine

Samples Demand | Nitrogen *
son Grescent City 0.13 | 6.000050{ 0.0008 | 0.0050
Framciscn Harbor —_ — — 0.25 | 0.000057 | 0.0009 | 0.0058
rancise (3 asmples) 0.31 | 0.000060 | o.0010 | 0.0065
s Hoyo 2.1 0.5 0,02 001 | o000 | o.0001 | 0.0036
Franeisco Hachor 6.8 7.5 0.10 0.06 |0.000020 ) 0,001 | 0.0063
(6 samples) 22,3 32.7 0.35 0.22 | 0.000070 | ©.0018 | 0.0084
s San Franciscn 0.5 0.01 0,09 |0.000001 | 0,0012 | 0,0035
ranciaco Harbor — 1.3 n.03 0.z5 | n.oo001s | o.00%6 | 0.0068
" (4 samples) 2.6 0.06 0.8 | 0.000056 | 0.0058 | 0D.0106
. Peraluma 0,01 |0.000020 | 0.0018 | 0.0034
Franetsco River — —_— — 0.14 | 0.000058 { 0.0043 | 0.0l0¢
(16 samples} 0.78 |} 0.000090 { 0.0057 | 0.0149
. santa Cruz 0,1 0,01 0000019 | 0.0007 | 0.0022
Franetsco Harbor — 0.1 0.01 | 0.000024 | 0.0007 | 0.0024
netas (2 samples) 0.2 0.01 a.ongoze | o.ooor | o.coze
s Richmand 3.8 2.5 0.07 0.01 | o,000010 { 0,0006 | 00658
Fra o Harbor 6.6 41 0,13 poog | 0.000053 1 6.0031 | L0134
i {13 samples) 8.3 5.0 1,18 0% |o.000100 | 0.0050 | D018
s skland 2.1 0.9 .02 0,63 | 0,000010 | 0.00l& | 0.004l
Frometseo Harbor 4.1 3.2 .08 0.14 | 0.000066 | 0.0070 | 0D.0142
(5 samples) 7.9 6.1 0.13 0.43 | 0.000220 | 0.0136 | ©.u274
San Alameda Maval ¢.9 n.8 0,01 .01 0, D0000E 0, DB 0.0016
Frameince Adr Station 6.5 4.2 0.13 0,15 | 0L000063 | 0.0056 | oo0118
(19 samples) 12.9 8.7 0,32 o,55 | o,0001a0 | 00150 | o.0380
Sa Suisun 1.1 0.3 0,01 b, 00 o, n0noa1 0 {010 0. 0045
LG Bay 2.9 3.0 0.06 0.6z | 0.000010 | 0.0004 | D.00%8
(7 samples) 5.9 5.3 0. 0.03% | 0.000020 | 0.0022 | 0.0085
sa Redwood 48 0.8 0.01 ¢.0l1 0L 000012 0,00248 O+, BOBG
Fm'm'l'uw City &1 4.6 0.02 a,07 0.000011 | 0.0089 | 0.0150
(16 samples) 8.0 9.4 0.04 0.16 | D.u000AS | 0.028B5 | 0.034%
san Finole 0,14 | 0,000005 | 0,0022 | 0,008
Francisco Shoal — — D 0.45 0. 00021 0.0025 g,0071
(2 samples) 0.47 | o.000036 | 0.0020 | 0.0074
san Moss 2.8 1.6 0.9 0.0z |o,000007 | 0.0006 | 0.00z0
rrannaco Landing, 5.7 3.8 0,13 0.08 |o0,000040 | 0.0028 | 0,0071
(7 sampies} K2 5.6 .20 0.20 ¢, 000095 .0053 o.0122
San John Baldwin 1.7 0.4 .01 6.01 |o0.000010 | 0.,0009 | 0.0039
Yranciace Ship Channel 5.2 i a.09 0.05 0,000031 | 0,0024 a.0078
(104 samples) 9.3 13.8 0.23 0.18  [0.000400 | 0.0066 | 0.0218
Stocklon Deep 1.0 0. 261 0.01  [0.000001 | 0.0005 | 0,0021
Sacramento Water Channel 6.0 5.0 0.10 0.03  |0,000006 | o,0022 | 0,0077
(38 samples) 2.0 30.0 0.6 0,23 |n.oo0031 | o.oode | o.oloz
o San Dlegn 0.7 008 0,01 0,01 |06.o00003 | D000l | 0.0010
Annetes Harhor .2 2.9 0,08 0,11 | 06.000062 | 0.0033 | 0.0105
# (144 samples) 11.1 10.48 0.40 0.49 | 0.000180 | 0.0192 | 0.0421
Tecoma 0.8 o7 0.01 .03 40,0010 3.04020
Seattls Harbor 2.2 1.0 0.04 0.10 R 0.0025 | 0.0075
(8 sawples) 5.2 6.4 0,09 0.30 00070 ] 0.0070
Willapa [ 2.9 0 0,04 0.0030 | 0.0200
Seartle Harbor 9.8 8.6 0,16 0,10 — 00040 { 0.0270
(10 samplos) 15.7 15.5 0.31 .15 a.0050 | 0,0370
Grays Harbor and 2.5 1.8 0,02 0,02 0.0002 | 0.0050
Seatt le Chevelis River 5.9 6.7 .08 .07 —_— 0.0015 | 0.0070
(14 samples) 10.2 0,2 0.17 0.12 0.0062 | 0.0080
Duwanish 1.4 0.3 0.02 0.64 | 0.000003 | v.0007 | 00081
teattle Wateruay 1.3 6.0 0.12 0.16 | 0,000010 | 0,0024 | 0,013
(13 samples) 1.6 10.0 0.4 0.33  }o.oo0021 | w.0059 | o.ozew
Kingston 1.6 1.3 0.04 017 [ 0.0030
Seattle Harbor 1.7 1.5 0.0 0,22 a— 0.0005 | 0.0030
(2 samples) 1.8 1.7 0,04 .26 0.0010 | 0.0030
Pore 1.5 2.2 0.05 0.04 0.0030 { 0.0030
Seattle Taumsend 7.7 3.2 0,07 .19 — 0.0040 | 0.0040
(2 samples) 3.8 4.2 .10 0.33 0.0050 | 0.0050
SwinomLsh 1.3 0.4 .01z 0.02 0.0010 | £,0010
Seattle Chanme 1 1.3 0.5 0.015 0.04 e 0.0010 | ©.0030
(3 samples) L4 0.6 .08 .05 0.0010 | 0.9050
Everect, Washington L.a 0.3 6.0t L] 0 0.0027
Seattle Harbar 2.5 1.0 0,01 0,03 ——— 0.0009 | 0.0041
(3 samples) 5.4 [ .08 0.08 0.0020 | 0,0060
Corpus Christl 4.3 1.4 0.58 0,00 |o0,000038 [ 0.0087 | 0,0087
Galveston Ship Channel 9.7 2.1 0.85 0.10 | o.000071 [ 0.0157 | 0.0253
(11 samples) 11.0 2.8 1.30 0.11 | o.000140 [ 0,0330 | 0,0480
Breten 1.5 1.9 0.06 0,01 | o.o00000 [ o.0001 | 6.0049
Hew Or lenns Sound 0.8 4.2 0.13 0.0 | v.000010 | 0.0017 | 0.0072
(6 samples) 5.9 6.6 0,16 0,18 | o.000010 | 0.0035 | G.oil0

(continued)
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Table Al (Concluded)

Uhemical Constituent (percent on g dry weight basis)
Lacation and Chemical Toral
bserice Number of elarile | Conygen | kgetaant (2L Lol s Zine
Solids Greage
Samples Demand | Mitrogen
Bayou Barataria a2 1.8 0.06 0.01 | o0,000005 [ 0.0007 { 0.0095
New Orleany Perut, Louisiana 10.2 12.3 0.35 o.04 |o.0o0030 | o001 Fooauar
{12 sampies) 26.0 42,5 0.89 0,12 | 0.000us4 | o.c023 | 0.022¢
taleasicu River 4.1 4.1 0.07 0.03 [ 0.000062 | 0.0002 | 0.0021
New Or Leans at Coon Island 10.0 11,0 0.16 0.44 | 0,000105 { 0.0002 | v.0176
(6 samples) 21,0 6.9 0.26 197 Lo.wwez2o | o.ocer | o.97es
Calcasieu 3.7 1.8 0.04 0.02 | o0.000010 [ 0.0001 | v.0064
New O leans ship Chanmel 5.2 2.9 0.08 0.06 | 0,000020 | 0.0007 | 0.0155
(5 samples) 6.5 3.4 0.1 0.08 | 0.000060 [ n.001z | 0.0150
Mixsiasippi River 1.9 u.7 0.02 0.01 | 0.000010 | 0.0001 | v.0047
New Orieens Southwest Pass 4.0 2.0 0.07 0.04 | o0.,000015 [ 0.0010 | 0.0075
(7 samples) 5.1 213 0.09 0,06 | D.000040 | 0.0020 | 0,012
Misslssippl Biver 2.8 1,3 0.01 .01 0 0.0001 [ 0.0025
Bew Orleans South Pass 4.4 3.2 .06 0,02 | 0.000005 | v.ooos | 0,0050
(7 samples) 5.8 6.7 0.11 0.03 | 0.000010 | 0.0015 | 0.0084
Misstasippi River 0.9 0.2 2,03 o.01 | 0.000001 | o.0010 | 0.0040
Hew Orleans at New Orleans 2.0 1.3y 0.05 0,04 | 0.000008 | D.0018 | L.DD4E
(4 samplea) 4.3 2,2 0.07 0.09 | 0.000020 | 0.0043 | 0.0060
Misalssippl River 2.6 2.9 0,13 0.04 | D,00000% [ 0.0001 } 0.003
Now Orleans GuIf Dutlet 2.7 3.1 0.14 0.05 | .000021 } 0,0001 [ 0.0038
(3 samples} 2.8 3.6 6,13 0,05 | 0.ODOOLG | 0.0002 | 0.0039
Beyou Perit 3.9 1.7 .05 6,02 | 0.000004 0 0,0041
New Or Leaus ange and Carlin 6.2 6.7 8.15 0.01 | 0.000008 o 0.0060
(5 samples) 10,9 17.7 0.32 0.05 | 0.000012 0 0.0104
Mayport 1.2 8.4 0,26 0,15 | 0.000220 | 0.0164 | 0.0085
Jackaonviile tarrier Basin 14,2 1.4 0.37 0.19 [ o.000270 | v.0192 | 0.0l68
(2 ramples) 17.2 14,3 0.48 0.2z | 0.00011¢ | 0.0220 | o.0250
Brunswick larbar 0.8 0.1 L ©.02 ) 0LGUODLO| 0.0005 | 0.0005
Savannah and Estuary 8.3 6.0 .18 6.20 | 0.000070] 0,0011 | 0.0099
(13 samples) 17.2 12.5 0.44 0.40 | 0.000210] 0.0028 | ©.0288
Burtons 4“9 4.3 0.11 0,01 | 8,000008 0.0055
Norfolk Bay 5.0 5.6 0.12 0,02 | 0.000010]  m— 0. 0u62
(1 samples) 5.3 6.2 6.15 0.03 | 0.000012 0,0068
Swash 5.4 5.8 .16 0.05 | 0,000009 0.0023
Norfolk Bay 5.4 7.6 0.18 0,07 | 0.000010 | ——m 28,0025
(3 samples) 6.1 .2 0.2 a.93 § o.ooeme .0028
5loop 3,5 4.0 0.09 0.07 | 0,000004 0.0043
Norfolk Channe 1 4.8 5.5 0,11 0.09 | 0.000005 | =—— 0.0053
(3 samples) 5.7 6.5 .14 0,11 | 0.000006 0.0063
Rirker 3.6 0,15 0.03 | 0.co0001 0,0052
Norfalk Creek 4.9 -_— 0.30 0.65 | 0,000005 | e | 0.0063
(% samples) 5.8 0.56 0.0 | 6.000009 0.0072
Stalid 5.2 0.2 001 | ©,900001 0.0052
Rorfolk L 4.4 —_— 0.12 0,14 | o.ooooes|  —— | o,0073
(5 samples) 106 0.39 0.34 | 0.000008 0.0104
Ruffale Harbor 6.8 6.5 .18 0.17
Biffalo and River 9.6 12,6 0.23 0.83 —_— -— —
{1 samples) 12.6 21.8 0.32 1.05
cleveland 4.1 5.0 0,01 .22
Buffalo Harkor 6,2 9.0 0. 18 0.65 — —— —
(20 samples) 16.5 15.0 n.30 6.95
Great Sodus 0.5 0.1 0.04 0,02
Buffals Bay 4.7 1.t 0.25 0,25 -_— — —_
(15 samples) 9.6 3,2 0,42 0.82
1ndiana
Chicago Harbor 5.6 26.1 0.23 2.79 — 6.0336 | 0.1480
(10 samples)
Calumet [ 6.9 0.7 0.3 0.00%% | 0,0039
Chicage Harboy 7.7 13,9 0.10 1.48 — 0.0337 | 0.0226
(7 vamples) 13.2 23,1 0.12 3.54 0.0820 | 0.0472
Green Bay 1.3 il 14 Q.45
Chicago Harbor 4.6 15,2 0,59 1.35 J— — —
{17 samples) 7.2 0. .01 4,60
M3 Lwaukes 5.2 1.10 0.0191
Chicags Haxbor 15.0 1.2 [ 7,00 — 0.0712 —_—
{2 samples) 2.1 16,90 ©,1613
Rouge 5.0 0.10
Detroit River 16.2 - -— 1,69 —_— 0.0081 —_—
(26 remplea) 35.0 6.00
Toledo 5.5 1.9 0.08 0.0070
Derzoit Harbor o2 10,7 —_ 0.59 J— ¢.0111 —_—
(12 samples) 17,3 18.4 1.48 0.0160
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Table A2

Grain-Size Distributions of Bottom Sediments

Percent finer than (by weight) in tm

Ad

District Location
5 1 0.5 0.1 {0.05 [0.01]0.005/0.001
San Francisco San Franci:::v 100 99 97 67 48 30 26 14
San Francisco Redwood City 100 99 97 96 85 55 a2 12,
San francisco Oakland - - 100 99 97 70 55 31
San Francisco Richmond - — 100 92 82 51 42 25
San Francisco San Rafael - - 100 98 82 48 37 21
San Francisco Pinole Shoal - 100 99 60 52 39 31 20
San Francisco Mare Island - - 100 99 90 54 43 23
San Francisco Suisun Bay - 100 99 53 43 33 27 17
‘San Francisco Napa River 99 97 é&_ 68 58 37 30 18
San Francilsco Petaluma Creek - - 100 99 90 65 54 30
Seattle Kingston Harbor 100 29 98 55 35 7 5 3
Seattle Olympia Harbor 160 99 98 9G 86 74 58 28
Seattle Port Townsend 87 82 80 30 20 10 7 2
Seattle Quillayute River - - 180 50 30 8 7 5
Seattle Duwamish 100 91 88 62 44 19 13 9
Seattle Skagit Bay 100 | 98 95 80 73 38 23 10
Seattle Hylebos 98 96 94 86 82 48 26 13
Seattle Willapa River - 100 99 98 96 55 30 7
Seattle Grays Harbor - 100 99 86 71 36 22 10
Seattle Anacortes Harbor - 100 99 98 96 55 30 17
Sacramento Stockton Channel 100 98 96 78 66 40 30 16
Los Angeles Port Hueneme 100 98 96 55 35 1é 10 5
Los Angeles San Diego 100 98 95 62 56 38 30 1g
Baltimore Graighill (1) — - - - 100 78 59 26
Baltimore Graighill (2) - - - — 100 74 60 29
Baltimore Braverton (1) - - - —_ 100 85 66 33
Baltimore Braverton (2) - - - — 100 80 67 23
Norfelk Swash Bay - - - 100 99 65 31 10
Norfolk Sloop Channel — —~ —_ 100 99 65 36 10
Norfolk Burtons Bay — — — 100 99 66 38 10
(Continued)




Table A2 (Concluded)

Percent finer than (by weight) in mm

District Location
5 1 0.5 0.1 |0.051{0.01(0.005{0.001
Wilmington Surry Point -~ - — 100 97 72 56 49
Charleston General - 100 99 70 65 55 50 36
Jacksonville Mayport (1) —_ — 100 94 90 79 73 35
Jacksenville Mayport (2) - - 100 82 72 56 48 26
Philadelphia Edgmoor h - 100 90 80 59 46 27
Philadelphia Darby Creek - 100 99 82 70 53 43 25
Philadelphia Oldsmans - e 100 98 93 70 55 33
Philadelphia Pigeon Point - 10G 99 90 70 50 42 29
New York General 98 88 74, 41 32 15 10 3
New Orleans Calcasieu River - - - 100 97 73 61
Galveston Sabine Bar - -_ 100 98 94 79 70 49
Galveston Sabine Bank 99 98 97 Bl 70 49 42 31
Galveston Sabine Neckes - - 100 23 84 67 59 35
Galveston Galveston Harbor - 100 99 90 68 56 49 31
Galveston Freeport Harbor - - 100 94 70 48 38 28
Galveston Matagorda 85 78 77 67 48 42 39 25
Galveston Corpus Christi 98 95 94 79 44 31 27 18
Chicago Calumet Harbor 100 98 97 86 78 49 35 18
Chicago Indiana Harboer 100 95 85 73 66 32 20 10
Chicago Green Bay Harbor 100 95 87- 75 67 50 42 27
Buffalo Buffalo Harbor 100 98 96 86 78 30 15 8
Buffalo Cleveland Harbor 100 98 96 85 76 40 20 10
Buffalo Great Sodus Harbor | 100 95 80 55 45 22 13 7
Detroit Rouge River 100 90 81 61 52 3l 23 15
Detroit Toledo Harbor 140 a9 98 92 85 63 45 23
Detroit Maumee River 100 97 92 90 80 53 42 20
Detroit Monroe 100 99 94 89 77 42 26 12
Detroit Saginaw - 106G 39 91 19 40 23 10
Detroit West Sailing Course - 100 99 97 84 49 32 21
Detroit Maumee Bay — 100 96 77 63 51 36 19
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APPENDIX B: CORRELATION BETWEEN TURBIDITY AND MASS CONCENTRATION

1. The turbidity of a sample is a measure of the interference
presented by suspended matter to the passage of light (Fair and Geyer,
1966) . However, turhidity is not directly equivalent to the amount of
suspended matter, gsince the interference is a function of the size,
shape, number, and index of refraction of the suspended particles. Con-
siderable background work (NOAA/NOIC Turbidity Workshop, 1974; McCluney,
1975) has indicated that (a) turbidity is strictly an optical property
of the medium; (b) the use of the term ''turbidity' is ambiguous; (c)
instrument calibration may be misleading and incorrect; (d) optical in-
struments in current use provide an inferred and not a direct measure-
ment of suspended solids; (e) the use of turbidimeters must be supported
by ancillary measurements which demonstrate that the optical data are
correlated with the concentrations of the materials to be monitored; and
(f) a transfer function, not a single-point calibration, is required to
convert optical readings from a given instrument to actual mass concen-
trations of suspended solids. In spite of these difficulties, many in-
vestigators have attempted to establish a relation between turbidity and
concentration of suspended particles for very specific sets of condi-
tiocas.

2. Turbidimetry has the advantage of being a speedy process;
whereas the direct methods of mass concentration determination (i.e.
gravimetry) are time consuming. TIn this study an effort was made to
develop a correlation between turbidity, mass concentration, and sus-
pended particle size distribution for the artificial suspensions used in
conducting the experimental program of laboratory filtration tests re-
ported herein. Described in the following paragraphs are (a) the method
used to obtain the necessary data, (b) the actual data, and (c) the con-
clusions drawn.

3. The following procedures were employed to obtain data for sus-
pensions of Grundite and kaolinite in fresh (tap) water:

a. A Waring blender was used to thoroughly mix 10 g of solids
with 1 2 of water.
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b. The suspension was transferred to a standard graduated
cylinder, such as used for hydrometer analyses, and
allowed to settle for a specified period of time.

¢. The top 200 ml of the suspension were carefully siphoned
into a clean beaker.

d. The mass concentration of suspended solids was obtained
by gravimetry for 100 ml of each sample.

2. The grain-size distribution of the suspended solids in
each sample was obtained by use of a Model A Coulter
Counter.

f. The turbidity of each sample was obtained by means of a
Hach 1860 laboratory turbidimeter, and the turbidities
of consecutive dilutions of the sample in fresh water
were then determined.

4. Figures Bl and B2 show the turbidity readings plotted versus
the mass concentration values for samples collected at different set-
tling times. Tables BL, B2, B3 and B4 summarize the information on
the grain size distributions, mass concentrations, and numbers of sus-
pended particles. All particle counts were obtained for the suspension
volume processed by the Coulter Counter (0.8 ml). Since the detection
of particle sizes smaller than 1.1y requires the use of considerably
more complicated techniques that can introduce greater inaccuracies, it
is not necessarily correct to conclude that the lower limit of particle
sizes in the suspensions was l.I1p. Based on the available data, the
following observations were made for the Grundite and kaolinite suspen-
sions:

a. The grain-size distribution of the suspended particles
does not change significantly as the settling time in-
creases.

b. Settling drastically reduces the number of suspended
particles and therefore the mass concentration of the
suspended solids.

c. Small changes in the grain-size distribution and drastic
reductions in the number of suspended particles do not
significantly affect the turbidity readings for the same
mass concentcration.

5. Within the scope and limitations of these data and observa-
tions, the following conclusions can be advanced with respect to the

specific Grundite and kaolinite suspensions used throughout the
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laboratory experimental program:

.

=2

For all practical purposes, the relationship between tur-
bidity and mass concentration of suspended solids is in-
dependent of the grain-size distribution.

For a given mass concentration, the presence of a small
amount of coarse suspended particles does not affect the
turbidity reading.

The following relationships can be used to estimate the
mass concentration, C, of a sample from its turbidicy, T:

Grundite: log C = 1.26 log T - 0.32 (T < 100)
log C = 1.85 log T -~ 1.50 (T~ 100)
Kaolinite: log ¢ = 1.22 1log T - 0.58 (T < 200)

i

log € = 3.18 log T -~ 5.10 (T = 200)

where the turbidity is expressed in JTU and the mass con-
centration is given in mg/4.

B3



Table Bl

Grain-Size Distributions of Grundite Suspensions

Grain Percent Finer (by number)
Size Settling Time (minutes)
(microns) 0 1 4 15 240
29 160.00 100,00 160.00 100.00 100.00
10 99.85 99.89 99,91 99,94 99.97
5 99.74 99,40 99.58 99.37 99.81
2 83.65 85,96 86.16 86.45 89.48
1.5 58.48 65,09 04.95 64.85 69,90
1.1 0 0 0 0 0
Table B2

Mass Concentration and Number of Particles for

Grundite Suspensions

Settling Time Total Number Mass
of Particles Concentration

(minutes) e/ )

0 310,000 10.0

1 250,000 6.0

4 218,000 5.0

15 100,000 1.8

240 6,000 0.2
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Table B3

Grain-Size Distributions of Kaolinite Suspensions

Grain Percent Finer (by number)
Size Settline Time (minutes)

(microns) 0 5 30 240
5.0 100.00 100.00 100.00 100.00
3.5 97.87 99.04 98.93 98.92
2.0 39.26 92.85 933.15 93.34
1.5 64,60 78.89 77.52 77.34
1.1 0 0 0 0

Table B4

Mass Concentration and Number of Particles for

Kaolinite Suspensions

Settling Time Total Number Mass
& of Particles | Concentration

(minutes) (g/4)

0 12,000 16.0

5 10,000 8.0

30 4,000 2.1

240 400 0.1
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Figure Bl, Turbidity versus Mass Concentration for Grundite Suspensions
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APPENDIX C: VACUUM FILTRATION TESTS

From a technical point of view, vacuum filtration offers a

possible solution to the problem of dewatering dredged material pumped

into confined disposal areas. To obtain some insight into the filter-

ability of dredged material slurries and the feasibility of using cake

filtration equipment to dewater dredged material, a series of Buchner

Funnel tests were conducted on a dredging sample from Cleveland, Ohio.

Table Cl gives limited characterization data for the slurries tested,

which were obtained by diluting the Cleveland sample with fresh water.

The effect of chemical conditioning on the filterability of the slurries

was investigated by adding ferric chloride (FeCl

3-6H20) and/or lime

(Ca(OH)z) to the samples. The following procedure was used for conduct-

ing the tests:

2.

de

b.

The filter paper was placed in the Buchner Funnel arrange-
ment and then moistened to ensure a proper seal.

Conditioning of the slurry was accomplished by adding the
proper amounts of chemicals (ferric chloride prior to
lime), as shown in Table C2.

Approximately 100 ml of slurry were transferred to the
Buchner Funnel, and gravity drainage was allowed for two
minutes while the filtrate volume was recorded.

At time equal zero, a 66 percent vacuum was applied, and
the filtrate volume was recorded after predetermined
gradually increasing time intervals starting with five
seconds.

Monitoring was continued until the wvacuum was lost or un-
til a maximum time of ten minutes was reached.

The degree of adhesion of the cake on the filter paper was
aobserved, and the cake was tested to determine its water
content.

The turbidity of the filtrate was obtained by use of a
Hach 1860 laboratory turbidimeter.

The data cellected during this brief investigation are present-

ed in Table C2 and Figure Cl. 'The specific resistance, v, was taken

equal to 2bPA2/uw, where b reflects the relationship between the elapsed

time and the volume of filtrate; P is the applied pressure difference;
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A is the area of the funnel; u is the absolute viscosity of water; and
w 15 the weight of cake solids per unit volume of filtrate. Based on
the data obtained, the following observations can be made:

a, Aeration of the slurries did not significantly affect
their specific resistance or the time required to collect
a unit volume of filtrate.

b. Conditioning with #4 percent or more ferric chloride re-
duced the specific resistance by a factor of 4. Con-
ditioning with 4 and 8 percent lime reduced the specific
resistance by a factor of 3 and 7, respectively. Condi-
tioning with a combination of lime and ferric chloride
did not reduce the specific resistance to levels lower
than those obtained by the use of either chemical alone.

¢. The use of chemical conditioners reduced the filtration
time by a factor of about 2, with little dependence on
the amount of conditioner added.

3. Based on the data and observations described, the following
conclusions can be advanced:

a. Vacuum filtration is technically capable of dewatering
dredged material slurries.

b. Chemical conditioning with ferric chloride or lime can
improve the filterability and rate of dewatering of
dredged material slurries.

¢. The large volumes of dredged material to be handled may
render the use of chemical conditioners economically un-
feasible.

d. A comprehensive experimental study is required to examine
the feasibility of applying vacuum filtration techniques
to dewater dredged material sglurries.
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Table Cl

Characterization Data for Slurries Tested

Nonaerated Aerated
Parameter
Samples Samples
Total Solids 5.83 8,21
Total Suspended
Solids 5.65 7.83
Total Volatile
Solids 0.74 1.06
Total Suspended
Volatile Solids 0.10 0.91
pH 7.2 7.4

Note: Solids contents are expressed in percent of
wet weight.
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APPENDIX D: SOQLID-LIQUID SEPARATYON TECHNOLOGY

1. The recognition of all possible alternative solutions, the
evaluation of thege golutions in terms of the specific problem to be
addressed, and the selection of the best available technique are basic
demands for good engineering practice. The rapid increase in solids-
liquid separation alternatives in recent years has emphasized the
modern philosophy that particle separation be treated as a system de-
sign, rather than simply the selection of a filter (Fitch, 1974; Tiller,
1974). In general, a solids-liquid separation system may consist of one
or more of the following stages: (a) pretreatment {(chemical coagula-
tion-flocculation) to increase particle size; (b) solids concentration
{thickeners and clarifiers); (c¢) solids separation by filters and cen-
trifuges; and (d) posttreatment to remove solubles and reduce the
moisture content of the final solids.

2. Pretreatment facilitates solids-liquid separation by increas-
ing the particle size; consequently, it improves the sedimentation
characteristics and/or produces less resistant filter cakes. This can
be achieved by either chemical processes, such as coagulation and fleoc-
culation, or physical processes, such as crystallization, aging, freez-
ing, and filteraid admix (Tiller, 1974). Gravity settling is generally
gffective for the separation of noncolloidal fines from waters and
wastewaters, and it is the major method of solids concentration in
clarifiers and thickeners (Fair and Geyer, 1966; Weber, 1972). TFilter
systems for solid-liquid separation fall into two classes; namely,
those involving clarification and those dealing with separation via cake
formation. Clarification, which is usually performed by means of deep-
bed granular filters, cartridges, drum precoat clarifiers, filteraid
admix filters, centrifuges, or hydrocyclones, involves removing of small
quantities of solids that may be colloidal in nature and thereby cir-
cumventing the possibility of cake-type filtration. Whean cake filtra-
tion is indicated, the rate of cake-thickness growth is of primary
importance in the selection of equipment, such as pressure, vacuum, or

gravity filters, or solid or perforated-bowl centrifuges (Tiller, 1974).
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In terms of operational characteristics, the various filter configura-
tions can be categorized as mechanized and nonmechanized systems, and
each category can be further subdivided into surface or depth filters,
as described in Table 2, Posttreatment is accomplished by one of a
number of techniques, such as washing, drying, and deliquoring, and it
serves to provide end products that meet desired quality criteria and
are in a condition appropriate for bulk handling and processing.

3. As explained in previous chapters, the major objective of
this research was to develop and document a methodology for designing
filter systems to control the concentrations of suspended solids in
effluents from confinement disposal facilities for dredged material.

'However, the effectiveness of a given filter system cannot be evaluated
without taking into account the characteristics of the confinement
facility in which the design is incorporated; these characteristics are
{(a) the size and shape of the disposal area, (b) the relative locations
of the inflow pipe and effluent filter system, and (c) the nature of the
dredged material disposal operations. It is therefore both necessary
and realistic to consider the combination of the disposal area and fil-
ters as a solids-liquid separation system which (a) can be activated, if
necessary, when a dredged material slurry is pumped into the disposal
area, (b) effectively retains the suspended solids, and (c) produces
effluents of acceptable quality. Accordingly, solids-liquid separation
systems are reviewed in this appendix with this perspective in mind, and
emphasis is given to the application of such systems to the design of
confinement facilities for dredged materials. Described in the follow-
ing sectionsg are (a) pretreatment of dredged material slurries by
coagulation or flocculation, (b) sedimentation in disposal areas, and
{¢) various filter systems that could conceivably be incorporated in
the design of & disposal area. The characteristics and performance
capabilities of these systems are included, and attempts are made to
provide first order approximations of capital investment requirements

and operational and maintenance costs.
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Chemical Pretreatment

4. The removal of a large proportion of the suspended impurities
in water and wastewater treatment is accomplished by sedimentation.
Many of these impurities exist as suspended particles that are too
small and/or too near the specific gravity of water for gravitational
settling alone to provide an effective removal process. Thus, the ag-
gregation of these particles into larger, more readily settleable flocs
is essential for successful and rapid separation by sedimentation.

This result can be achieved by chemical pretreatment, known as coagula-
tion or flocculation (Weber, 1972; Akers, 1975; Tiller, Wilensky, and
Farrell, 1974).

5. The terms ''coagulation' and "flocculation' are used in the
literature indiscriminately to describe the coagulating effect of ions
on hydrophobic colloids. La Mer (1964) suggested that the term
"coagulation" be reserved for the effect brought about by reducing the
zeta potential of a particle by changes in electrolyte concentration
and that the term "flocculation' be reserved for the effect induced by
long chain organic polymers that act by forming bridges between the
solid particles; however, this terminology has not been universally
acceptad. In the following paragraphs, the term "flocculation" is used
to describe the agglomeration of particles, irrespective of its mode of
occurence.,

6, Preconditioning agents include (a) starch, proteins, glue,
gelatin, and other natural flocculating agents, (b) acids, bases, and
gsalts of strong acids or weak bases that neutralize surface charges and
allow the agglomeration of colliding particles due to van der Waals
forces, and (c¢) high-molecular-weight polyelectrolytes that may de-
stabilize particles by charge neutralization and promote flocculation
by opposite charge attraction or bridging between particles.

7. A modest amount of information is available on the chemical

pretreatment of dredged material slurries to increase flocculation and
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improve the settleability of suspended solids. A study by the Galveston
District of the U. S. Army Corps of Engineers (Murphy and Zeigler, 1974)
resulted in the conclusions that (a) flocculation is practical only for
dredged material slurries with a low solids content and (b) flocculation
might be cost-effective as a clarification method to permit disposal
area effluents to meet very strict quality standards.

8. The Dow Chemical Company (U. S8. Army Corps of Engineers,
Buffalo District, 1969) conducted a series of flocculation-sedimentation
column tests on supernatants and effluents from two disposal areas in
Toledo, Ohio. Dow reported the following:

a. Treatment of disposal area effluents that contained about
1750 mg/4 of suspended solids with 2 to 10 mg/{ of
Purifloc C-31 (organic polymer) resulted in supernatants
with turbidities generally lower than 100 JTU.

b. Similar results were obtained when 25 to 50 mg/l hectorite
clay or 5 to 100 mg/£ ferric chloride were used.

¢. The treatment of waters with suspended solids loads be-
tween 0.4 and 20 g/& with 8 mg/{ of Purifloc C-31 resulted
in turbidities ranging from 34 to 105 JTU.

d. Water with high suspended solids loads (about 20 g/l) was
often easier to clarify than water with much lower concen-
trations (about 0.4 g/f).

e¢. The resulting floc sizes ranged from 100 to 700u and had
rapid settling velocities (0.05 cm/sec).

f. At the rate of 8 mg/f of Purifloc C-31, the cost of chemi-
cals would be about $5/1000 m° of treated effluent.

g- Water with suspended solids concentrations higher than
20 g/% cannot be clarified easily because the flocculant
cannot be distributed throughout the slurry before it
becomes absorbed and therefore some solids remain untreat-
ed. Therefore, Dow concluded that, for the flocculants
tested, dredged material supernatants with relatively low
concentrations of suspended solids, such as those encoun-
tered at weir outflows, can be effectively clarified.

9. An extensive investigation of the flocculation and sedimenta-
tion characteristics of high solids content (10 to 20 percent) dredged
material slurries was recently reported by Krizek, Roderick, and Jin
(1974). Five different materials dredged from four locations in the

Great Lakes were treated with various chemical flocculants that were
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selected on the basis of an extensive literature review. The results

obtained from column settling tests and hydrometer tests are as follows:

&

o

Calcium oxide and calcium chloride were effective floccu-
lants for most of the dredged materials, and the superna-
tant suspensions were colorless and clear. In particular,
the addition of 4 percent (based on the dry weight of the
solids) calcium oxide £locculated all samples effectively.
Chemical costs for treating a dredged material slurry with
a solids content of 10 percent would be about $80/1000 m .

Selected o~-nitrophencol, p-nitrophenol, and tri-nitrophencl
compounds were effective flocculants, but the associated
supernatants although free of turbidity, exhibited a
vellow and pionk color. The undesirable coloration and the
possible toxicity of the chemicals suggest that these
additives are not acceptable as flocculants for use in
disposal areas.

Acetic, phosphoric, sulfuric, nitric, and hydrochloric

acid, and aluminum sulfate were somewhat effective floc-
culants, bhut the supernatant suspensions were cloudy and
had a brownish-yellow coloration after a day of settling.

Calcium carbonate was quite effective as a flocculant for
three of the dredged materials, and sodium chloride was
effective for two; however, the supernatant suspensions
remained cloudy after treatment with both chemicals.

The organic chemicals (p-benzoquinone, pyrogallol, poly-
vinyl alcchol, and Krilium) were not effective flocculants.
Resorcinol was somewhat effective with only one dredged
material, but the supernatant suspension remained cloudy.

10. Based on the information presented or referenced above, the

following conclugions can be advanced for the use of flocculants in

fresh water environments:

d.

[[=9
L]

Flocculation can be effectively used to clarify super-
natants and effluents from dredged material confinement
facilities.

The effectiveness of various chemical flocculants varies
according to the characteristics of the dredged material
and the concentration of suspended solids.

For slurries with a high concentration (10 to 20 percent
by weight) of suspended solids, calcium oxide (lime)
appears to be a very effective flocculant. Most of the
organic compounds tested do not appear to be effective
flocculants.

For slurries with low concentrations (up to 20 g/4) sus-
pended solids, organic polyelectrolytes are very effec-
tive flocculants.
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il. 1In a typical diked containment area, the dredged material
slurry is pumped into the disposal site at one point and the superna-
tant waters are discharged at a point approximately opposite the inflow
point. 'The concentration and nature of the suspended solids in the
effluent supernatants depends on the concentration and nature of the in-
flow slurry, the size of the disposal area, the relative location of the
discharge pipe and the effluent sluicing device, the degree of channeli-
zation in the flow, the retention time of the fluid, the direction and
velocity of the wind, and the extent of the vegetation. Since the sedi-
mentation regime that exists in a disposal area affords one of the pri-
mary means by which suspended solids can be controlled in the effluent
(whether they exit over a weir or through a filter), it is appropriate
in this study to consider in some detail the beneficial effects and
economics of the sedimentation process. A review of the literature has
revealed no model or methodology, theoretical or empirical, that is
capable of predicting with any degree of confidence the sedimentation
regime in a disposal area.

12, Xrizek and Salem (1974) reported data on the spatial distri-
bution of sediments in the Riverside and Penn 7 disposal areds near
Toledo, Ohio, and those data are summarized in Figure Dl. Thirty-gseven
tube samples (Hummel and Krizek, 1974) were obtained from Riverside Site
from seven boreholes along Line 1, which connects the overflow weir with
the inflow pipe, and auger samples were obtained from three horeholes
along each of Lines II, III, and IV, which emanate radially at 45°
spacings for a short distance from the end of the inflow pipe. Thirteen
tube samples were taken from the Penn 7 site at the four designated
locations. All samples were tested in accordance with standard proce-
dures wherein a dispersing agent was uged in the hyvdrometer test.

These data were then combined to develop an appreciation for the actual
distribution of particle sizes between the inflow pipe and the overflow
welr and in the vieinity of the inflow pipe.

13. The longitudinal variation of grain-size characteristics was
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evaluated by plotting average values of the effective size, , uniform-

D
10
ity coefficient, Cu, percent clay (< 2u), and percent fines (< 0.074 mm)
for each location versus the horizontal distance of each respective
location from the inflow pipe, and the results are given in Figure DI1.

The effective size, is seen to decrease from about 0.3 to 0.0015 mm

P10
in a distance of 30 m (100 ft). In the following 300 m (1000 ft), the
effective size fluctuates between 0.0005 and 0.001 mm with no definite
trend; this can be explained by the fact that particles may travel hori-
zontally at different velocities while sedimentation is taking place.

A gradual decrease in D from about 0.001 to about 0.0005 mm is noted

in the wvicinity of the ;2erflow welr where the water normally covers
the site. The coefficient of uniformity, Cu, has an average value of
about 5 in the middle 400 m (1300 £t) of the site and about 7 near the
inflow pipe and the overflow weir. The clay sizes are generally missing
near the inflow pipe, but they gradually increase with distance to a
maximum of about 40 percent. The abnormally high percent clay (25 per-
cent) at Borehole 1 may be due to a pool of stagnant water at this loca-
tion. The fines (<0.074 mm) increase from virtually zero to about 90
percent in 160 m (500 ft) and remain practically constant thereafter for
a distance of about 300 m (1000 ft), after which they increase slightly
to about 95 percent near the overflow weir. Analogous data from the
Penn 7 sgite manifested generally similar trends; the observed differ-
ences are probably due in large part to the different flow patterns
that prevailed at the two sites.

14. Six samples from Line II, thirteen from Line III, ten from
Line IV, and one surface sample from the origin, 0, were analyzed to
identify any radial variations in the grain-size distributions, and
the average values of pertinent parameters at each borehole are plotted
in Figure D1 versus the distance from the origin. The effective size,
DlO’ decreased from 0.3 to about 0.005 mm in about 90 m (300 ft), and
the coefficient of uniformity, Cu, tended to decrease from about 7
at the origin to about 2 at 90 m (300 f£t). The clay fraction increased
from zerc in the first 30 m (100 £t) to about 5 to 10 percent in the
following 60 m (200 ft), but the fines (< 0.074 mm), which were almost
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zergo in the first 30 m (100 £t), increased dramatically to an average

of about 70 percent at 60 m (200 f£t) and then slightly more to an aver-

age of about 80 percent at 90 m (300 ft).

15. Based on the foregoing data, the following observations can

be made for the sedimentation regimes that prevailed in the indicated

two disposal areas:

d.

=3
»

Practically all of the coarse-grained materials (equivi-
lent diameter larger than 74p settled out of suspension
within a distance of 90 m (300 £t) from the inflow pipe.

For the remainder of the distance between the inflow
pipe and the overflow weir in each area, the spatial
digtribution of grain sizes was essentially independent
of distance, except in the immediate vicinity of the
overflow weirs where the portion of submicron sizeg
increased somewhat.

The lack of any definitive depositional pattern can be
explained partly by the fact that the discharge of
effluent during active dredging seasons was interrupted
periodically by long periods of water retention, during
which time the suspended particles had ample opportun-
ity to settle out of suspension over the entire site.

Since the effective grain size of the material that
settled out of suspension over most of the disposal
area is about 1y with uniformity coefficient of about 5,
the majority of the particles that passed over the weir
was prabably of submicron diameter.

Taking into consideration the fact that most of the
dredgings from the Toledo area contain only a small
fraction of submicron size particles, it can be con-
cluded that these disposal areas provided sufficient
sedimentation time to allow most of the suspended

solids in the supernatants to settle out., This con-
clusion is varified by data reported by Krizek,Gallagher,
and Karadi (1974) on the quality of the effluents from
one of these disposal areas (the average concentration
of total solids in the effluent of Penn 7 over a typical
four-month period was 0.043 percent on a weight basis).

16. Theories to describe sedimentation in an ideal regime of hor-

izontal laminar flow were developed over 70 years ago (Hazen, 1904)

and subsequently modified and extended (Camp, 1946). Methodologies

were then advanced to account for the effect of nonideal mixing and

dispersion in real basins, and significant effort has been made in
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recent years to develop models to predict sedimentation patiterns for
cases of discrete or flocculated particle settling. Felderman and Eno
(1.975) developed a mathematical model to predict sedimentation patterns
in shallow (10 ft deep) small (several acres) lakes that are character-
ized as settling basins that receive influents but have no outflow;
wind stress and flow currents were taken into account. Preliminary
verification of the model has been obtained.

17. Yao (1973) analyzed the phenomenon of extended plain sedi-
mentation without coagulation. He concluded that for long detention
times (on the order of days) this method can reduce significantly the
quantities of particles affected by Brownian motion; although micron
sized particles will not settle for short detention times, extended
sedimentation will allow them to settle and thus reduce significantly
the turbidities of surface waters.

18. A general simulation model of discrete settling in a real
basin has been developed by Chang (1972), and Lin (1975) has extended
Chang's treatment to include flocculent settling. The model quantita~
tively accounts for fluid dispersion, turbulent mixing, and hindered
settling; and it assumes that differential settling of the given in-
fluent grain-size distribution accounts for flocculent settling. Basin
efficiency is given as a function of grain-size or total mass. Good
agreement of model results with available experimental observations
and with Hazen's real tank sedimentation theory has been found. For
flocculent settling the model predicts that settling times can be re-
duced by at least a factor of two. However, further comparison between
theory and experiment is desirable before results from such models are
used directly for design.

19. An attempt was made to use Hazen's sedimentation theory to
estimate the proportion of soil particles of different sizes that will
be retained by discrete sedimentation in a disposal area. 1In the ab-
sence of any documented, more sophisticated analysis, this method may
be used to obtain a first-order approximation of the sedimentation re-

gime in a dredged material containment facility.
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Settling velocity of
discrete particles

20. A discrete particle is one that does not alter its size,
shape, and weight during settling. When such a particle settles
through a quiescent f£luid, it will accelerate until the frictional re-
sistance or drag of the fluid equals the impelling force of gravity act-
ing upen the particle; subsequently the particle will settle at a
uniform velocity. By equating the drag and buovancy forces an expres-
sion for the uniform settling velocity, vg» can be found. At low
Reynolds number (R < 1), the drag is due solely to viscous forces,

and the expression for v, can be written as

voo= Xé_:_XE Dz (Stoke's Law) (DL)
5 18u
where Ys is the unit weight of the solid particle, Yf is the unit weight
of the fluid, ¢ in the absolute viscocity of the fluid, and D is the
equivalent diameter of the settling particle.

Efficiency of an
ideal settling basin

21. 1In order to devise a framework for the formulation of sedi-
mentation in continuous-flow basins, certain simplifying assumptions
must be introduced (Fair and Geyer, 1966); these are:

a. Within the settling zone of the basin, sedimentation
takes place exactly as in a quiescent container of equal
depth.

b. The flow is steady and, upon entering the settling zone,
the concentration of suspended particles of each size is
uniform throughout the cross section normal to flow.

¢- A particle that settles out is not resuspended.

The proportion, P, of particles that are removed in a horizontal-flow
basin is given (Hazen, 1904; Fair and Geyer, 1966) by the expression
v
P = = (D2)
Q/A
where Q is the mass rate of flow and A is the surface area of the

basin. Therefore, for discrete particles and unhindered settling, the
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efficiency of a basin is solely a function of the settling velocity of
the particles and the surface area and rate of flow through the basin,
and it is independent of the depth of the basin and the detention per-
iod.

Reduction of basin
efficiency by currents

22. The efficiency of settling basins is reduced by (a) eddy
currents caused by the inertia of the incoming fluid, (b) wind-induced
currents when basins are not covered {(more predominant in deeper
basins), {¢) thermal convection currents, and (d) density currents
(cold heavy water flows beneath the warm lighter water on a basin sur-
face). Each of these currents may contribute to short-circuiting the
flow or upsetting the quiescent settling process. According to Hazen's
theory, the proportion, P, of particles removed in a real basin where
currents reduce the efficiency is

v =
P=1-]1+="5 (D3)

where n is a performance coefficient for the basin and ranges from unity

(very poor performance) to infinity (ideal plug flow).

Application to dredged
material disposal areas

23. A dredged material containment facility can be visualized as
consisting of two zones. In the first zome, which consists of the
vicinity around the discharge pipe, the £ill surface varies signifi-
cantly and randomly; channelization of flow occurs; slurry concentration
is very high; and sediments are frequently disturbed and resuspended be-
cause of disposal operations. In the second zone, which can be consid-
ered to act as a sedimentation basin, a slow, essentially horizontal
flow prevails in a completely and continuously inundated area with a
relatively constant width.

24, The application of Equation DL for particle sizes of 100p orx
less is valid, because Reynolds numbers are less than unity; hence,

Stoke's Law is reasonably applicable in the sedimentation regime of a
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disposal area. For a specific gravity of gsolids equal to 2.67 and a
water temperature of ZOOC, Equation DI can be simplified to

v o= 9,000 D2 (D4)

where Ve is in cm/sec when D is expressed in cm.

25. Since the efficiency of settling in a real disposal area
will be reduced by currents, the use of Equation D3 with a performance
coefficient of unity (to be conservative) in conjunction with Equa-
tion D4 yields an expression for the removed portion, P, of the parti-

cles with diameter D:

2 ]-1
P=l-[l+@§%%} (D5)

where Q/A and D are expressed in cm/sec and cm, respectively.

26. The removal efficiency of a disposal area for suspended
particles of different sizes can be computed from Equation D5 when the
discharge and the surface area are known. As an example, consider a
disposal area for which (a) the discharge is 0.1 m3/sec {310,000 cu {t
per day); (b} the width is 100 m (300 £t); and (c) the length of area
continuously under water is 300 m (1000 £t). For a depth of water
equal to 2 m the theoretical detention time of such a basin is about
7 days. For suspended particle sizes equal to 10, 3 and lu, the re-
moval efficiency is 96, 71, and 21 percent, respectively. Further,
assume that the discharge remains the same, but the size of the dis-
posal area is decreased to a width of 50 m (165 ft) and a length 100 m
(330 ft); for this case, the removal efficiencies for the same particle
sizes are 82, 29, and &4 percent, respectively.

27. Based on the foregoing information, the following conclu-
sions can be advanced:

a. Sedimentation, with or without chemical pretreatment,

is a solids~liquid separation technique that is and
should be widely used for clarification of disposal
area supernatants.
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Given adequately large disposal areas, sedimentation
alone may be sufficient to obtain effluents of the de-
sired quality; however, other factors, such as land cost,
secondary use, and site recovery, may preclude the use of
this alternative.

¢c. Since sedimentation patterns in disposal areas have not
been investigated in any detail, it is necessary to adapt
theories of sedimentation basin operation to obtain a first-
order approximation of disposal area retention efficiency
by sedimentation alone; however, the limited amount of

data avazilable lend reasnonable support to this approach.

_____________ Lald dpddiliadic (83 Lo Jdpppldac

Mechanized Surface Filtration

28. Surface filtration systems depend primarily on physical
straining processes that can be described as those processes that re-
move solids by virtue of physical restrictions on a medium that has no
appreciable thickness in the direction of liquid flow. These systems
can be separated into those that are used for dewatering thick slurries
(vacuum filters, centrifuges, filter presses, and belt filter presses)
and those that clarify waters with very low concentrations of suspended
solids (wedge wire screens, microscreens, and precoat filters). Each
of these systems is discussed separately in the following sections.

lotary vacuum filters

29. In the United States, vacuum filtration is the most commonly
used mechanical sludge dewatering method. Process efficiency is largely
governed by the media opening and the size distribution of solid parti-
cles. Tilter-cake formation is accomplished first by a bridging of the
medium with larger particles followed by a packing of the pores near
the filter medium with fine particles. Chemical conditioning eliminates
large numbers of small particles and is generally considered necessary
for the efficient use of vacuum filtration equipment. A large number of
additional factors also affect the performance of vacuum filters and
must be considered in the design of an efficient unit: the amount of
solids in the feed slurry and the allowed form time influence the
yield of the umit; the drying time affects the moisture content of the

cake produced; chemical conditioners and vacuum level affect the
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specific resistance; and the type of fabric, the particle sizes, and the
organic content affect the cracking tendency of the cake, the required
vacuum, and the air throughput. The most common devices are rotating
drum filters, continuous belt filters, and rotating disk filters. Ro-
tating drums have been designed with surface areas up to 50 m2(500 ftz),
and rotating disk filters with surface areas up to 250 m2 {2500 ftz).
30. The feed solids to vacuum filters typically range between
1.4 and 7 percent for different types of sludges or slurries (Weber,
1972), but they can be as high as 40 percent for clay slurries (Dickey,
1961). For clay slurries the cake moisture ugually varies from 15 to
80 percent (a 60 to 80 percent vacuum is used) and the hourly yield in
dry weight of solids ranges from 10 to 50 kg/mz {2 to 10 lb/ftz).
Since clay slurries resemble many types of dredged material, these
ranges might be considered typical for vacuum filtration of dredged
material. With the assumption that a 10 percent solids influent is
fed to a rotary drum vacuum filter system at a flow rate of 0.15 m3/sac
(3.7 mgd), the required surface area of the filter would be about
1000 m2 and a battery of 20 rotary drum filters with a surface area of
50 m2 each would be needed. The use of vacuum disk filters with surface
areas of 250 m? each would require only 4 units (perhaps few enought to
consider the incorporation of such a system on a barge, which may be
emploved as a transfer station for dredged material). Removal efficien-
cies for vacuum filters can be as high as 99 percent, depending on media
size, pretreatment, and chemical conditioning.
31. Capital costs for rotary vacuum filters range from 1,000 to
3,000 dollars per square meter of filter area (FEckenfelder, 1970;
EPA, 1974), depending on the size of the unit, type of media, and aux-
iliary equipment. The operation and maintenance costs vary widely,
but 5 to 30 dollars per ton of dry solids produced is considered repre-
sentative {(Burd, 1968; EPA, 1974); however, a pilot test is usually
required to obtain a meaningful cost assessment for a particular applica-
tion.

Centrifugal dewatering

32. The use of centrifugal forces as the driving force in
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filtration or to accelerate the sedimentation of particles from the
fluid constitutes an important development in solid-liquid separation.
Technological developments in centrifugation have led to a very large
variety of machine types, each designed for a particular process but
often finding use in many other fields.

33. Although centrifuges can remove suspended particles that are
smaller than 1y in diameter, their removal efficiency is reduced dramat-
ically for particles smaller than 10y (Tiller, 1972). For this reason,
chemical conditioners are usually added to the feed slurry to increase
particle size, In wastewater sludge treatment (EPA, 1974), solids in
the feed water can be as high as 35 percent and recoveries up to 95 per-
cent are realized. However, chemical conditioners {(polymers) must be
used typically in amounts of 1 to 3 kilograms per ton of dry solids re-
covered and at a cost of about 2 to 5 dollars per ton of solids recover-
ed. Burd (1968) reported that operating and capital costs for centri-
fugal dewatering of sludges range from 14 to 28 dollars per ton of re-
covered solids.

Filter presses

34. The plate and frame filter press consists of wvertical plates
that are held rigidly in a frame and are pressed together between a fix-
ed and a moveable end. On the face of each plate is mounted a filter
cloth. Slurry is continuously fed into the press until alil chambers
between the plates are filled, and dewatering continues until there is
no filtrate produced. The press is opened; the dewatered slurry is re~
moved; the plates are cleaned; and the cycle is repeated. For the
treatment of wastewater sludges it is reported (EPA, 1974) that filter
presses can accomodate loads of influent suspended solids froem 4 to 10
percent, and produce cakes with 45 to 50 percent solids, and have
excellent effluent quality (10 to 75 mg/4 for reported cases).

35. The advantages of pressure f[iltration over vacuum filtration
are (a) higher cake solids concentration (30 to 50 percentj, (b)) im-
proved filtrate clarity, (c) improved solids capture, and (4) reduced
chemical consumption. The disadvantages are (a) batch operatiom, (b)

high labor costs, (c) filter cloth life limitatioms, and (d) the frequent
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necessity of cake delumping.

36. The addition of chemicals to the influent slurry is still
a requirement to achieve effective performance from a filter press.
Precoat by diatomaceous earth, fly ash, and other filter aids has been
used advantageously in certain filter press applications.

37. The Cedar Rapids plant was used as an example to obtain a
cost estimate. The system includes two filter presses, each having
about 300 m2 (3,400 ftz) filter area, and handles digested sludge
with about 5 percent solids. Reported costs per ton of dry solids re-
caovered are 4.7 dollars for operation, 9.7 dollars for capital invest-
ment, and 7.3 dollars for chemicals.

38, The Pyno Filter (marketed by Artisan Industries, Inc.) was
recently introduced to the market and is an improvement over conven-
tional filter presses because it allows for continuous operation.

When tested with kaolinite and feldspar slurries containing 28 to 56
percent solids in the feed water, the unit produced a cake with 57 to
77 percent solids (30 to 75 percent water content). Of particular con-
cern to the dredged material disposal problem is the fact that typical
units presently available have small capacity.

Belt systems

39. A variety of mechanized surface filtration systems are de-
signed so that the filter medium forms a continucus belt. Vacuum
and/or pressure or squeezing action is used to dewater the feed
slurries. The squeegee dewatering unit (Westinghouse - Infilco, 1971)
uses capillary dewatering action followed by pressure dewatering via
rollers to handle slurries with 0.5 to 1 percent solids and produce
cake with up to 18 percent solids content., Compared to vacuum filtra-
tion, this system can reduce total capital, maintenance, and operation
costs by more than 50 percent.

40. The Tower Belt Filter (Alt, 1974), a recent invention, uses
a pressure belt system that permits some cake filtration prior to
compression. The slurry is fed into the top of the system between two
endless belts that are fixed to taper the sludge zone until the sludge

reaches compressioen rollers, which squeeze the already partially
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dewatered cake. Blinding is reduced by allowing some drainage (under
pressure) prior to compression and permitting the coarser particles to
settle onto the filter cloth at lower parts of the belt.

Wedge wire screens

41. 1Inclined or rotating wedge wire screens are a relatively new
davelopment for raw wastewater treatment, The Hydrasieve (made by
C-F Bauer, Division of Combustion Engineering, Inc.) and the Hydroscreen
(made by Hydrocyclonics Corporation) are typical examples of devices
that use wedge wire screens. The screen wires are triangular in cross
section and are spaced 0.25 to 1.5 mm apart. The influent waters flow
over the screen; the fluid passing through the screen is the effluent
of the system, and the extracted sclids move downward on the screen,
where they are collected and removed. At the present time about one
dozen municipal treatment plants use wedge wire screens as part of
their pretreatment and primary treatment processes (EPA, 1975b).

42. Although inclined screens cannot remove suspended solids to
the same extent as a sedimentation tank, they have been received
favorably by the profession hecause they do an excellent job of remov-
ing trashy materials, which may foul subsequent sgludge handling units.
Their ability to remove fine grit is limited by size openings, and
separate equipment should be used after the screen for this purpose.
The suspended solids removal obtained by wedge wire screens varies
between 5 and 25 percent (EPA, 1975b). Available units can accomodate
flow quantities from 750 to 55,000 cubic meters per day (0.2 to 14.5
mgd), depending on their size. Little quantitative work has heen done
on the solids loading capacity of a hydrasieve, but, in general, good
performance requires that the influent be sufficiently dilute to allow
smooth flow over the weir.

Microscreens

43, A microscreen unit usually consists of a motor-driven
rotating drum mounted horizontally in a rectangular chamber, with a
fine screening medium covering the periphery of the drum. Influent
waters enter the drum interior through the open end and pass radially

through the screen, depositing solids on the inner surface of the
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screen. At the top of the drum, pressure jets of effluent water are
directed onto the screen to remove the mat of deposited solids. Micro-
screen fabrics normally are woven of stainless steel or synthetic
fibers with openings in the range of 15 to 60up. Microscreeners have
been used principally for removing algae and other microorganisms,

and rempval efficiencies from 50 to 90 percent have been obtained,
depending primarily on the species involved. Available data on the
performance of microscreen units in secondary effluent treatment in-
dicate removal efficiencies from 45 to 85 percent with influent concen-
trations of susgpended solids from 10 to 65 mg/f. Microscreeners can be
designed to accomodate flows up to 15,000 cubic meters per day.

44, The functional design of a microscreen unit involves (a) the
characterization of the suspended solids with respect to concentration
and degree of flocculation (these factors have been shown to affect
microscreen capacity, performance, and backwashing requirements)

(b)Y the selection of unit design parameters, and (c) the provision for
backwash and supplemental cleaning facilities. The design parameters
for microscreen units, together with their typical values, are (a)
screen mesh (20 to 251), (b) submergence (75 percent of height; 66 per-
cent of area), (¢) hydraulic loading (5 to 10 gpm/ftz), (d) head loss
through screen (7.5 to 15 cm), (e) peripheral drum speed (7.5 cm/sec
at 7.5 cm head loss; 60 to 75 cm/sec at 13 cm head loss), (£) typical
drum diameter (10 ft), and (g) backwash flow and pressure (2 percent
of throughput at 5 psi; 5 percent of throughput at 15 psi). Capital
costs are in the neighborhood of 4,000 to 5,300 dollars per 1,000
cubic meters per day (15,000 to 20,000 dellars per mgd). Operation
and maintenance costs are about 0.25 to 0.50 dollarsg per 1000 cubic
meters (1 to 2 dollars per million gallons) treated (EPA, 1975b}.
Eckenfelder (1970), however, reported costs that are about double the
EPA values.

45. Although microscreens have been in use for more than thirty
yvears for secondary effluent treatment, suitable relationships have
not been developed to allow quantitative predictions of their perform-

ance and pilot studies are still required. However, some general
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conclusions can be advanced about the use of microscreen as a device for
removing suspended solids from secondary effluent (EPA, 1975Db):

a. Under the most favorable operating conditions, micro-
screen units can reduce suspended solids to concentra-
tions as low as 5 mg/k.

b. Although the suspended s¢lids removal pattern is irregu-
lar, the performance tends to be better for lower hy-
draulic loadings.

¢. Increases in influent suspended solids are reflected
in the effluent, but with noticeable damping of peaks.

d. Microscreens are useful in place of clarifiers to
polish the effluent from low rate trickling filters,
provided the solids are generally low in councentration
and are well flocculated.

46, The FMC Corporation has developed a sophisticated, but none-
theless relatively simple, device for filtering waters by use of a
microscreen. This unit uses a highly efficient combination of hydraul-
ic and ultrasonic energy to keep the filter fabric clean of solid par-
ticles, thereby allowing high hydraulic loadings and high quality fil-
trates (Monroe and Pelmulder, 1973). The strainer has been extensively
tested with wany types of wastewaters, and it was found to have removal
efficiencies generally greater than 90 percent and frequently up to
99 percent. It is not known whether this efficiency is also obtained
for particles with dimensions of a few microns, as claimed by the manu-
facturer. The hydraulic capacity of the strainer varies with the con-
centration of suspended solids; it was found to range from 0.5 gpm/ft
at high concentrations of suspended solids (over 20 g/£) to 30 gpm/ft2
at low concentrations of suspended solids (10-150 mg/4). Available
units can handle up to 3 mgd at low concentrations of influent suspend-
ed solids.

Precoat filtration

47. This filtration process uses a thin layer of precoat formed
around a porous septum to strain the suspended solids from the influent
that passes through the filter cake and septum. The filter medium used
is a thin layer of diatomaceous earth or perlite, and this material is

wasted at the end of each filter cycle. The cycle of filtration
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consists of three steps; namely, (a) preccat application, (b) filtra-
tion, usually accompanied by the application of body feed, and (¢) fil-
ter cake removal. About 0.05 to (.10 grams of diatomite or perlite per
square centimeter are used to form the precoat, Due to hydraulic com-
pression of the solids retained on the precoat, the filter cycleg may bhe
very short unless additional filter aid (body feed) is added during the
filtration period. The use of body feed results in a filter cake that
is more porous and less compressible, thereby extending the period of
the filter run. For applications in secondary effluent treatment, the
amount of body feed required varies from 10 to 50 mg/f of influent.

48. Precoat filters can be pressure filters, in which the raw
water is pumped into and through a filter contained in a pressure
vessel, or vacuum filters, in which a suction is created on the fil-
tered water side of the septum. Precoat filters have been used for
many years in industrial filtration applications. Their application
to water filtration developed largely during World War II for cyst and
cercaria removal, and their use in municipal water treatment is increas-
ing. Recent studies have indicated that {(a) body feeds of about 6 mg/4
per JTU of turbidity should be used and (b) influent suspended solids
should be very low (3 to 13 mg/Z or turbidity less than 10 JTU). Capi-
tal costs, exclusive of buildings, are about 20,000 to 30,000 dollars
per mgd for manually operated plapnts and 30,000 to 60,000 dollars per
mgd for automated plants. Operating costs are a strong function of
raw water quality because filter aid requirements increase as water
quality decreases. Diatomite costs about 5 cents per pound delivered.
Based on available information (Weber, 1972; EPA, 1975b), the following
general conclusions can be drawn on the current use of precoat filters:

a. Precoat filters manifest good turbidity removal; all

particles larger than lp can be removed, but the
efficiency is low for colloidal-size particles without
pretreatment.

[=a

The required amount of body feed and the associated cost
limit the range of turbidities that can be treated to
not more than 10 or 20 JTU.

¢. Precoat filtration, as presently practiced, is suitable
only for secondary or tertiary suspended solids removal
and to polish effluents from other filtration units.
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Mechanized Granular Media Filtration

49. Granular media filtration involves the passage of water
through a deep bed of granular material with a resulting deposition
of solids. Eventually, the head loss across the bed becomes excessive
or the ability of the bed to remove suspended solids is impaired, and
cleaning is then necessary to restore the operating head or the flow
and effluent quality to acceptable levels., Most filters operate on a
batch basis, wherein the entire unit is removed from service for peri-
odic cleaning. Traditionally, this filtration process is employed in
water treatment, with or without pretreatment by coagulation and sedi-
mentation, to remove suspended solids and in wastewater treatment to
remove biological flocs from the settled secondary treatment plant
effluent.

Conventional designs

50. There are three basic methods of operating filters, and

these differ primarily in the way that the pressure drop (driving

force) is applied across the filter: (a) constant-pressure filtration,

(b) constant-rate filtration, and {c) variable declining-rate filtra-
tion (Cleasby, 1969).

51. 1In true constant-pressure filtration, the total available
pressure drop is applied across the filter throughout the filter run.
As the filter clogs with solids, filter permeability decreases and,
since the pressure drop remains constant, the flow rate decreases,
This method of filtration requires a relatively large volume of water
storage.

52. 1In constant-rate filtration, a constant pressure drop is
maintained across the filter, but the flow rate is also held constant
means of a flow control valve. This system has the disadvantages of
higher initial and maintenance costs for the vate-control system and
filtrate quality is not as good as that obtained from the declining-
rate filter operation. To overcome these disadvantages, systems have
been designed to incorporate a flow splitting influent weir, thereby

eliminating rate controllers.
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53. Variable declining-rate filtration is an alternative to both
constant-pressure and constant-rate operations. Such units have the
advantages that no rate controllers are used and dirty filters are
taken out of operation by a gradual increase in flow rate for the
clearer filters. This results in better effluent quality for longer
filter runs with less head required.

54. The granular filters commonly used are either operated under
sevaral feet of f£luid head by gravity flow (gravity filters) or enclos-
ed completely in a pressure tank {(pressure filters). Gravity filters
can be designed to meet any capacity, but it has been coummon practice
to construct them in some even multiple of 0.5 mgd capacity up to 5 mgd
(2,000 to 20,000 cubic meters per day) so that standard appurtenances
can be used. When the containment structure is to be fabricated on site,
the filter box is usually designed as shallow as practical to reduce
the construction cost for the concrete walls., Total depth includes
the sum of the underdrain depth, filter medium depth, maximum operating
depth of water above the filter medium, and freeboard. Common operat-
ing water depths are 3 to 5 ft (I to 1.5 meters). Pressure filters are
placed in closed, watertight tanks which may stand either horizontally
or vertically. Thelr action is identical to gravity filters; the same
filter media are used; and similar flow rates are realized. However,
filter runs of longer length are possible, because many more solids
may be retained before backwashing is required.

55. Media commonly used in mechanized granular media filtration
include silica sand, althracite coal, and perhaps garnet or ilmenite
in special multi-media designs. Common specifications require sands
with an effective grain size of 0.45 to 0.55 mm and a uniformity co-
efficient not greater than 1.65 in depths of 0.60 to 0.75 m. For dual
media designs a layer of anthracite is frequently used over a layer of
sand; typical anthracitefsand filters may include from 0.30 to 0.60 m
of anthracite and from 0.15 to 0.40 m of sand. Common specifications
for anthracite dictate an effective grain size from 0.6 to 1 mm and a
uniformity coefficient less than 1.8 (Weber, 1972; Tiller, 1972; EPA,
1975b).
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56. Granular filters are washed to restore their capacity when
the effluent quality becomes unacceptable or when the pressure drop
(head loss) through the filter reaches a predetermined value. Filter
runs in different plants vary from 12 hours to several days, one day
being considered an acceptable average value. The filter is wusually
washed by reversing the flow of water through the filter at a rate
adequate to lift the grains into suspension, causing fluidization and
expansion of the filter bed. The chief mode of particle cleaning is
hydrodynamic shear with particle-to-particle contact of lesser impor-
tance. The wash waters are collected and either recycled through the
plant or treated separately. To maintain a continuous flow, each fil-
ter unit consists of more than one cell, usually four or more; this
allows backwashing of one or two cells while the others continue their
filtration activity.

57. Filter sizes are determined according to the expected amount
of water to be treated in a unit. However, in order to facilitate the
distribution of raw water and the collection of backwash water effec~
tively, the maximum size of any filter cell should be limited to about
80 m2 (Tiller, 1972). Underdrainage systems support the filter medium,
distribute the backwash waters evenly, collect the filtered water, and
prevent the loss of filter medium with filtered water. To prevent the
loss of filter medium a layer of graded gravel is often placed over the
underdrainage system.

58. The usual concentration of suspended solids applied to granu-
lar medijia filters does not exceed a few hundred milligrams per liter
and is generally lower than 100 mg/{. Most data on the performance of
systems for the filtration of effluents from wastewater treatment
plants (Tiller, 1972; EPA, 1975b) show ranges of (a) influent suspended
solids loads from 2 to 150 mg/%4, (b) removal efficiencies from 10 to
99 percent, (c) run lengths from 1.5 to 150 hours, and {(d) throughput
rates from 0.05 to 2 cm/sec (0.6 to 30 gpm/ftz). In general, the
efficiency of granular filters is found to be excellent (Weber, 1972;
Tiller, 1972; EPA, 1975b) for particles or flocs of large sizes

(above 501), but particles of 3 to 54 are much less efficiently removed.
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Therefore, typical sand filtration procedures are inextricably bound to
the coagulation or flocculation process, and the two should be consid-
ered together.

59. Costs involved in granular media filtration are even more
difficult to obtain than operating experience data (Tiller, 1972}).
According to Eckenfelder (1970), capital costs range from 5,000 to
25,000 dollars per 1000 m3 treated daily, and operation and mainten-
ance costs range from 5 to 20 dollars per 1000 m3. Lynam and Bacon
(1970) reported operation and maintenance costs of 6 dollars per 1000
m3 for a plant with a daily performance capacity of 40,000 m3.

60. The following general observation can be made for mechanized
granular media filters as they are used today in golid-liquid separa-

tion technology:

a. The influent loads of suspended soplids seldom exceed
100 to 200 mg/4.

b. For such loadings, removal efficiencies up to 99 percent
can be realized.

c. Any amount of flow can be accomodated by providing
adequate filter surface area in single- or multiple-
cell filters.

d. Suspended solids of submicron sizes cannot be removed
efficiently, and pretreatment to increase particle
size is required.

e. The costs associated with using filter depths greater
than 0.75 to 1.0 m are not commensurate with a propor-
tional increase in effectiveness.

f. All mechanized granular filters require backwashing and
facilities to dispose of the wash water and retained
solids.

Special designs

6l. A number of special designs for mechanized granular media
filters have been developed in recent years to overcome (a) the need
to stop the filtration process periodically to clean the filter medium,
(b) the limited ability to handle waters with high concentrations of
suspended solids economically, and (c¢) excessive operation and mainten-
ance requirements and costs, These designs include gravity and pres-

sure filtration units, upflow systems, and moving bed filters,
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62. Gravity filters. The Sybron Corporation (1972) has developed

an automatic gravity filter (Permutit, AVGF) system that eliminates the
use of valves and feed and backwash pumps, as well as the need for man-
power and maintenance. Depending on their size, these units can accomo-
date flows from 8 to 300 m3 per hour and can operate for up to 2 days
before washing is necessary. The Ecodyne Corporation (1971) markets a
geries of automated gravity filters. The Mono-scour filter is a heavy-
duty, high-rise filtration unit that can operate efficiently for high
concentrations of influent solids. Backwash cycles are automatically
initiated and only one valve is used to control the inflow rate, thus
reducing manpower and maintenance requirements substantially. Hardinge
Corporation {EPA, 1975b) has developed a fine media (0.48 mm sand),
multi-compartment filter in which each compartment can be backwashed
without stopping L[iltration in the remainder of the filter. In order to
achieve longer runs, many manufacturers have introduced fully automatic,
shallow bed sand filters that have a provision for diffusing air in the
water above the filter bed to resuspend the solids collected on the
media surface; one typical example of such a system is marketed by the
Hydro-Clear Corporation (EPA, 1975b).

63. Pressure filters. The Dravo Corporation (1970) has developed

a deep-bed pressure filter that can effectively clarify waters with
concentrations of suspended solids up to 1 g/4 and can produce effluents
with concentrations of suspended solids as low as 1 mg/f. This system
can have throughput rates from 0.1 to 1 cm/sec and the backwash cycles
are automatically controlled. The Hayward Filter Company provides an
easily automated system that has high throughput rates (up to 1 cm/sec)
and can eftectively clarify up to 20 m3 per minute of waters with sus-
pended solids loads up to 2 g/i.

64, Upflow filters. 1In downflow single-media filtration, the bed,

after backwashing, is graded from fine to coarse in the direction of
flow. This disadvantage can be eliminated by using upflow filtration,
which has better efficiency than downflow for similar filter media, bed
sizes, and flow ratres. Smith, Scott. ai MacInnes (1973) showed that

upflow filters losaed w0t 700 me ™ U aaspended solids (without
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pretreatment) produced effluents with 1 mg/{ of suspended solids and
sustained runs up to 2 days at flow rates of about 0.3 cm/sec, and

they concluded that upflow filters had 8 to 10 times the sediment-
holding capacity of downflow filters. The FMC Corporation (1973) and
the Zurn Industries, Inc. (1971) have developed upflow granular filters.
The latter was evaluated in a pllet study by Filipkowskl and Strudgeon
(1973) and found to have an average removal efficiency of 93 percent at
a flow rate of 0.75 cm/sec. The FMC system avoids the use of valves by
incorporating a leaping weir design, thus reducing maintenance prob-
lems. Both systems operate most effectively at low concentrations of
suspended solids (up to 200 mg/L).

65. Moving-bed filters. The basic concept of a moving-bed £il=-

ter is the mechanical movement of the most heavily clogged portion of
the granular medium out of the zone of filtration with virtually no in-
terruption of the filtration process. The major potential of such a
process lies in its ability to operate at high flow rates and at much
higher solids loadings than conventional systems; superior cleaning of
the filter media 1s also possible. The Johns-Manville Corporation
(Libby, Bell, and Wirsig, 1972) has developed a moving-bed filtration
system, which was evaluated for the treatment of raw domestic and in-
dustrial wastewaters, primary effluent, and settled or unsettled trick-
ling filter effluents. For various conditions loads of suspended
solids ranged from 50 to 150 mg/f, and suspended solids removal effi-
ciencies ranged from 70 to 91 percent. The flow rate through any

unit or combination of units depends on the quality of the influent and
the discharge requirements, and flow rates up to 7 gpm/ft2 of exposed
filter area are possible. The filter media used was quartz sand with
an effective grain size between 0.6 and 0.8 mm and a uniformity co-
efficient of 1.5, Recently, Dravo Corporation (EPA, 1975b) has intro-
duced a radial-flow, moving-bed filter; the main feature of this unit
is the radial-flow concept, which provides more filter area per unit
volume than downflow or upflow systems. As the liquid flows radially
from a central core, it decreases in velocity and provides an increased

opportunity for solids removal. Such a radial flow unit was tested on

D27



biologically treated wastewater with up to 80 mg/4 of suspended solids
at a flow rate of 4 to 6 gpm/ftz, and it gave removal efficiencies be-
tween 60 and 80 percent. The Hydromation Corporation (EPA, 1975b) has
also developed a radial-flow, moving-bed filter that uses a synthetic
resin media, but information on its performance was not available.

66. General observations. The feollowing general observations

can be advanced for special mechanized granular media filtration

systems:
a. A large variety of specially designed mechanized granu-
lar media systems are available.
b. Information on the performance capabilities of such

systems has not been generally documented, regardless of
claims by manufacturers. The EPA Technology Transfer
publications provide an exception, but these are limited
in scope (mainly removal of wastewater solids).

c. Certain systems may be capable of effectively handling
suspended solids loads much higher than conventional
svstems (up to 2 g/ compared to about 0.1 g/£).

d. Certain systems are completely automated and require a
minimum of manpower and maintenance.

Nonmechanized Surface Filter Systems

67. This group of filter systems includes units where solids re-
moval is accomplished by a physical straining action, and little or no
mechanization is required for operation. Except for the case where
gsand is the filter medium (slow sand filters), reports on the use of
nonmechanized systems are not generally available. However, as identi-
fied in Part 4, fibrous media (woven or nonwoven), nonconventional
media (straw, wood chips, and sawdust), or gravel could function as
surface filters.

Slow sand filters

68. A slow sand filter consists of a watertight basin containing
a layer of sand 1.0 to 1.5 m thick supported by a layer of gravel 0.15
to 0.30 m thick. The gravel is underlaid by a system of open joint
underdrains at 3 to 6 m center-to-center spacing, and these underdrains

lead the filtrate to a single point of discharge. Commonly used sands
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ity coefficient of less than 3. The filter is operated with a water
depth of 1.0 to 1.5 m above the sand surface. The majority of the
solids are removed in the upper few centimeters of sand, and they form
a biologically active slime layer (Schmutzdecke). When the head loss
reaches the physical Llimit of the plant (1.0 to 1.5 m), the filter is
removed from service, drained, and cleaned; cleaning usually consists
of removing the top 2 to 5 cm of sand. Flow rates are generally low
(less than 0.1 cm/sec), and filter runs range from 1 to 6 months for
the usual applications (secondary effluents). Removal efficiencies
are good for suspended solids and bacteria (up to 99 percent), but
they decrease considerably for fime clays and other colloidal solids
(Lp or less in diameter); therefore, pretreatment may be necessary to
increase the particle sizes (Weber, 1972). Although slow sand filters
have not been used to clarify waters with high solids contents, runs
for such cases are expected to be very short and the idle time may be-
come significant.

Gravel filters

69. Properly designed layers of gravel have been used success-
fully for erosion control and as protective filters for retaining and
preventing the migration of finer soils. However, for the particular
objectives of this research effort, gravel filters appear to be of no
use, other than to remove coarse debris and particles that could cause
face clogging of finer media filters.

Nonconventional madia

70. The use of straw, sawdust, wood chips, or wood shavings in
filtration is a fairly novel and meritorious idea, since these media
are readily available and relatively inexpensive. Depending on the
density or degree of compaction, such media can function as surface
and/or depth filters. However, information on their capabilities for
removing suspended solids from waters is not available. The major dis-
advantage of such materials is the likelihood of producing highly
colored effluents due to the leaching of humic substances, which may be

considered as a pollutant to the receiving waters.
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Fibrous media filters

71. The possibility of usipg fibrous media as components of non-
mechanized filter systems appears to be very limited., Woven synthetic
fiber cloths or wire screens can effectively retain suspended particles
of various sizes, depending on their pore openings, but blinding of
the filter surface occurs quickly and a mechanism is required to clean
the medium continuously and remove the retained solids. For the re-
moval of very fine suspended particles (1p or less), woven fibrous
media are usually very ineffective. Nonwoven fibrous media (like the
Monsanto E2B and the Celanese Mirafi cloths) appear to have some
potential in nonmechanized systems. These clothes can be used in
multiple layers to increase their removal efficiency by depth f£il-
tratipon. However, pilot testing of any design would be required be-

fore recommendations are made.

Flectrofiltration

72. The process of electrofiltration consists of electrophoresis
and filtration. Electrophoresis is defined as the migration of elec-
trically charged colloid particles in a direct current electrical
field. Charged particles are forced to flow towards a membrane or
other filter medium where they are then removed from suspensiocn.

73. 1In recent years forced-flow electrophoresis has been gain-
ing attention in the field of water and wastewater purificaticn, and
a wide range of possible applications has been suggested (Moulilk,
1971). Although some rather sophisticated laboratory equipment has
been developed to investigate this phenomenon, full-scale field in-
stallations are still far from materializing. Cooper, Mees, and Bier
(1965) conducted a laboratory investigation of forced-flow electro-
phoresis to identify possible areas of field use, and they found that
water with a concentration of suspended silt of 1500 mg/% (flood runoff)
could be effectively clarified by use of membranes with 54 openings.
The flow rates were about 2 gal/hr/ft2 of filter area (0.0025 cm/sec),

and it was estimated that the power required to treat 1000 gallons
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would be about 60 kilowatts per hour (15 kilowatts per hour for each
cubic meter treated.

74. Based on available data this system could theoretically be
ugsed to clarify disposal area supernatants, but the large quantities
of flow tinat must usually be handled in most disposal areas would re-
gquire extremely large filter surface areas. Although the removal
efficiency of such a system would be expected to be excellent, the
costs involved would be extremely high, thus reundering the system

economically unfeasible.

Discussion

75. A wide variety of conventional solid-liquid separation
technology has been reviewed in the foregoing paragraphs and various
well known and readily available technidques and systems were described
briefly; their performance capabilities were assessed; and, whenever
possible, cost egtimates (albeit very rough in many cases) were provid-
ed. In this section the merits and shortcomings of each 0f the systems
and technigques in solid-liquid separation technology is discussed rela-
tive to their applicability in disposal area operations.

76. Sedimentation is a solids-liquid separation technique that
is and should be widely used for the clarification of disposal area
supernatants. The effectiveness of this technique depends on the size
of the disposal area, the amount of flow through the area, the size of
the suspended particles, and the degree of sediment agglomeration. For
adequately large disposal areas, sedimentation with or without pretreat-
ment may be the only process necessary to obtain effluents of the de-
sired quality. Chemical pretreatment can be used to increase particle
size and particle settling velocity, thereby improving clarification by
sedimentation. Based on the data available thus far, lime appears to
be an effective and relatively economical flocculant when applied to
dredged material slurries as they are pumped into a disposal area;
chemical costs may be about $0.80/ton of dry solids treated. Effluents

of disposal areas can be treated with organic polymers and then allowed
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to settle in order to achieve adequate clarification; polymer costs at
this point of treatment will probably run about $30.60/ton of solids
removed.

77. Filtration systems can be classified in either of two groups:
one includes systems for dewatering dredged material slurries (solids
content more than 1 percent by weight), and a second includes systems
for clarifying disposal area supernatants, Alternatively, filter sys-
tems can be described as mechanized or nonmechanized. Mechanized sys-
tems require the use of pumps, piping, valves, and/or other control
equipment and involve frequent cleaning or washing of the filter media;
whereas, nonmechanized systems have little or no dependence on auxili-
ary equipment and require very limited maintenance. With respect to
filtration mechanisms, surface filters use physical straining processes
that remove solids by virtue of physical restrictions on a filter medi-
um that has ne appreciable thickness in the direction of flow, and
depth filters retain solids throughout the total depth of the filter
medium.

78. Vacuum filters appear to be feasible for dewatering dredged
material slurries with up to 10 or 20 percent suspended solids by
welight. However, they may not provide a highly clarified effluent
without chemical preconditioning (effluent suspended solids on the or-
der of 0.5 g/£), and, for cases where strict effluent standards are
enforced, a subsequent filter system may be required.

79. Centrifugation is a separation technique that very seldom
involves the use of a filter medium. Excellent separation can be
achieved for suspended particles with a specific gravity around 2.7 and
diameters greater than 10W; this implies that adequate pretreatment is
required for effective solid-liquid separation of dredged material
slurries, and even then, results may not be satisfactory. While centri-
fugation is often the most cost-effective design for large scale waste-
water sludge disposal facllities, the capital costs are quite high. It
is therefore suggested that at this juncture, centrifugation not be con-

sidered as a viable alternative for dewatering dredged material slurries.
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80. TFilter presses are generally used for retrieval of solids
and not as a common dewatering process. Conventional designs require
intermittent operation to allow for solids retrieval, cleaning the
presses, and frequent application of a precoat. Few continuously
operating systems are commercially available, and their performance
is not yet well known or well documented. Therefore, pressure frame
filters are also eliminated from further consideration, since they
appear to offer no advantages over vacuum filters.

8l. Belt sygstems, operating by either vacuum, pressure, or
squeezing action, offer a reasonable alternative to rotary vacuum £il-
tration; but additional pilot testing is desirable before accurate
recommendations can be made on associated cost and effectiveness in
their application to dewatering dredged material slurries. Specula-
tions indicate that perhaps up to 50 percent cost reductions could be
realized.

82. Wedge wire screens provide low suspended solids removal and
are effective only for coarse particle sizes. Microscreens are normal-
ly used to polish effluents with low concentrations (100 mg/? or less)
of well~flocculated solids; however, no further treatment is usually
required on disposal area effluents with 100 mg/# or less suspended
solids. 1In contrast, the Sonic Strainer is a very promising separa-
tion system because it can handle influents with suspended solids rang-
ing from as low as 10 mg/i to as high as 20 g/4 and can achieve removal
efficiencies up to 99 percent. Available units can handle flows up to
Q.12 mg/sec (3 mgd) at low solids concentrations, but several units
would be needed to handle influents with 20 g/{ suspended solids. Such
units would have to be pilot tested before firm guidelines or recommen-
dations could be made.

83. Prececat filtration can be economically used for waters with
low turbidity (not more than 20 JTU), but it does nmot have good removal
efficiencies for submicron particles. Therefore, precoat filters are
not feasible for use in disposal area operations.

84. Electrofiltration is a clarification technique that is used

primarily in laboratory investigations, and the economic feasibility
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in full-scale field installations has not yvet been documented. Although
this method can provide excellent suspended solids removal efficiency,
the slow flow rates associated with it and the resulting extremely large
filter surface areas preclude its use at the present time for the clari-
fication of disposal area effluents.

85. Conventional mechanized granular media filters can provide
high retention efficiency (99 percent or more), but they are designed
primarily to function economically only at low concentrations of sus-
pended solids (up to 200 mg/l). However, in most dredged material dis-
posal operations, supernatants of such quality either need no further
treatment or can he effectively clarified by simple nonmechanized
gystems., Although the use of conventional granular filter systems is
not recommended, there are available a number of special designs that
overcome some of the limitations of conventional designs. For example,
available pressure filters can handle loads of suspended solids up to
1or 2 g/f with throughput rates of up to 1 cm/sec. Upflow filters
and moving bed f£ilters are available in various designs and have been
documented to handle suspended solids loads of more than 1 g/f.
Specially designed granular filters appear to offer feasible solutions
to the problem of clarifying disposal area supernatants with loads of
suspended spolids less than 1 g/4. However, the performance of such
systems 1is poorly documented in the literature, and it is considered
necessary, as with conventional designs, to conduct pilot tests.

Slow sand filters or intermittent sand filters are good candi-
dates for the treatment of water with reasonably high loads of suspended
organic matter. Since disposal area efflueunts generally do not contain
appreciable organic matter, this design is of limited general value.
Because such slow rates are encountered, the required surface area
would be extremely large and further increased by the need to provide
for continuous drainage of the disposal area. Therefore, slow sand
filters probably have little, if any, place in dredged material dis-

posal area operations.
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